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E x e c u t i v e  S u m m a r y  
U n d e r  t h e  I m p l e m e n t a t i o n  o f  t h e  F i s h e r i e s  M a n a g e m e n t  P l a n  ( I F M P )  f o r  L a k e  
V i c t o r i a  R e s u l t  a r e a  4 ,  q u a r t e r l y  g i l l n e t  s u r v e y s  a r e  u n d e r t a k e n  t o  m o n i t o r  
c h a n g e s  i n  f i s h  s t o c k s  a n d  e n v i r o n m e n t a l  p a r a m e t e r s  i n  t h e  s h a l l o w  n o n ­
t r a w l a b l e  a r e a s  o f  t h e  l a k e  F o r  p u r p o s e s  o f  m o n i t o r i n g  s u r v e y s ,  t h e  U g a n d a n  
s e c t o r  o f  L a k e  V i c t o r i a  i s  d i v i d e d  i n t o  3  z o n e s  a s  s h o w n  i n  F i g u r e  1 .  D u r i n g  t h e  
s e c o n d  q u a r t e r  o f  A P E 2 ,  t w o  g i l l n e t  s u r v e y s  w e r e  u n d e r t a k e n  i n  z o n e s  1  a n d  3  i n  
F e b r u a r y  a n d  M a r c h  2 0 0 6  r e s p e c t i v e l y .  T h e  p u r p o s e  o f  t h e  s u r v e y s  w a s  t o  
m o n i t o r  c h a n g e s  i n  t h e  f i s h  s t o c k s  a n d  t h e i r  b i o l o g i c a l  c h a r a c t e r i s t i c s ,  w a t e r  
q u a l i t y ,  a l g a l  d y n a m i c s  a n d  i n v e r t e b r a t e  c o m m u n i t i e s ;  a s  d e t a i l e d  i n  t h e  v a r i o u s  
s e c t i o n s  o f  t h e  r e p o r t .  T h e  s u r v e y s  f o l l o w e d  t h o s e  c o n d u c t e d  i n  N o v e m b e r  a n d  
D e c e m b e r  2 0 0 6  i n  t h e  s a m e  z o n e s .  
R e s u l t s  o f  t h e  s u r v e y s  s h o w e d  t h a t  t h e  n u m b e r  o f  f i s h  t a x a  w a s  h i g h e r  i n  t h e  
n e a r - s h o r e  f l e e t s  ( 0 - 1 0 0 m )  d e c r e a s i n g  t o w a r d s  o f f s h o r e . .  T h e  n e a r - s h o r e  a r e a s  
w e r e  a l s o  a s s o c i a t e d  w i t h  h i g h  p r i m a r y  p r o d u c t i v i t y  a n d  h e n c e  s e c o n d a r y  
p r o d u c t i o n  t o  w h i c h  C a r i d i n a  a n d  o t h e r  i n v e r t e b r a t e s  a r e  p a r t .  T h e s e  o r g a n i s m s  
a r e  a n  i m p o r t a n t  s o u r c e  o f  f o o d  f o r  t h e  f i s h  a n d  t h i s  m a y  p a r t l y  a c c o u n t  f o r  t h e  
h i g h  n u m b e r  o f  f i s h  s p e c i e s  r e c o r d e d  i n  t h i s  a r e a  o f  t h e  l a k e .  
I t  w a s  a l s o  o b s e r v e d  t h a t  a l t h o u g h  N i l e  p e r c h  w a s  t h e  m o s t  d o m i n a n t  f i s h  
s p e c i e s  r e c o r d e d  i n  a l l  t h e  s t a t i o n s  d u r i n g  t h e  s u r v e y s ,  h a p l o c h r o m i n e s ,  B r y c i n u s  
s a d l e r i ,  B r y c i n u s  j a c k s o n i i  O r e o c h r o m i s  n i l o t i c u s  a n d  v a r i o u s  m o r m y r i d  s p e c i e s  
c o n t r i b u t e d  s i g n i f i c a n t l y  t o  t h e  f i s h  b i o m a s s .  T h e  p r e s e n c e  o f  m a n y  f i s h  s p e c i e s  
a n d  t h e i r  c o e x i s t e n c e  w i t h  t h e  p r e d a t o r ,  N i l e  p e r c h  i s  a t t r i b u t e d  t o  t h e  p r e s e n c e  o f  
m a c r o p h y t e  c o v e r  a n d  r o c k y  h a b i t a t s  w h i c h  s e r v e  a s  r e f u g i a  i n  t h e  s h a l l o w  
i n s h o r e  h a b i t a t s  o f  L a k e  V i c t o r i a .  I n  a d d i t i o n ,  t h e  v e g e t a t e d  h a b i t a t s  a r e  a n  
i m p o r t a n t  s o u r c e  o f  f o o d  f o r  t h e  f i s h e s .  A s  r e p o r t e d  i n  m a c r o - i n v e r t e b r a t e  
s t u d i e s ,  b i g  p o p u l a t i o n s  o f  C a r i d i n a  a n d  o t h e r  i n v e r t e b r a t e s  w e r e  r e c o r d e d  
a m o n g  m a c r o p h y t e  b e d s .  C a r i d i n a  i s  a n  i m p o r t a n t  s o u r c e  o f  f o o d  f o r  j u v e n i l e  
2  
Nile perch and other fish species so are the other invertebrates especially 
chironomid larvae, odonata nymphs and molluscs. 
Resurgence in haplochromine cichlids was observed during the surveys. The 
presence of haplochromines cichlids in all the sites especially Thruston Bay 
where it ranked the second by percentage contribution in number, is evidence of 
the recovery of this group of fishes which had declined largely due to predation 
by L. niloticus. Caridina nilotica has also increased in biomass and is a major 
component of the Nile perch diet. This could have reduced predation pressure 
on the haplochromines by Nile perch and has possibly contributed to recent 
resurgence in haplochromines cichlids in the lake in the shallow nontrawlable 
areas of the lake 
Rastrineobola argentea was found to be an important prey item for Nile perch 
and other fish species such as Clarias gariepinus. Measures should therefore be 
taken to ensure sustainable harvesting of Dagaa so that there is enough left to 
sustain the fishery of Nile perch and other species. 
All the stations sampled during the survey exhibited a predominance of small 
sized Nile perch with few specimens greater than 50 cm Total length. This could 
be an indication that near-shore areas are nursery grounds and important 
recruitment zones for the Nile perch. The near-shore habitats are also 
associated with high densities of macro-invertebrates and Caridina. This is 
especially important for young fish especially of Nile perch that made up the bulk 
of catch during the surveys in the two zones. Given the economic importance of 
Nile perch, the high overall diversity and presence of important forage species 
improves the likelihood of a continued viable Nile perch fishery. These areas 
should therefore be protected from destructive fishing methods and 
environmental degradation to ensure a sustainable Nile perch fishery. 
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T h e  s h a l l o w  n e a r - s h o r e  a r e a s  s h o w e d  a  m u c h  h i g h e r  p h y t o p l a n k t o n  b i o v o l u m e  
p r o b a b l y  a b l e  t o  s u p p o r t  m o r e  j u v e n i l e  f i s h  b i o m a s s  p a r t i c u l a r i t y  T i l a p i a  a n d  t h e  
z o o p l a n k t o n  ( c o p e p o d s  a n d  c l a d o c e r a ) .  T h e s e  a r e a s  a r e  t h e r e f o r e  i m p o r t a n t  f o r  
t h e  s u s t a i n a b l e  e x p l o i t a t i o n  o f  N i l e  p e r c h  a n d  N i l e  t i l a p i a  s i n c e  t h e y  a r e  s u i t a b l e  
n u r s e r y  g r o u n d s  f o r  t h e s e  c o m m e r c i a l l y  i m p o r t a n t  f i s h  s p e c i e s .  I n  a d d i t i o n  t o  t h e  
j u v e n i l e s  o f  N i l e  p e r c h  a n d  N i l e  t i l a p i a  a  v a r i e t y  o f  o t h e r  f i s h  s p e c i e s  e s p e c i a l l y  
t h e  m o r m y r i d s ,  P .  a e t h i o p i c U 5 ,  C .  g a r i e p i n u 5  a n d  h a p l o c h r o m i n e s  a r e  c o n f i n e d  t o  
t h e s e  s h a l l o w  i n s h o r e  a r e a s  w h e r e  t h e y  u t i l i z e  t h e  r i c h  i n v e r t e b r a t e  c o m m u n i t y  
a s s o c i a t e d  w i t h  t h e m  a s  f o o d . .  H o w e v e r ,  t h e  d e t e r i o r a t i n g  w a t e r  q u a l i t y  
p a r t i c u l a r l y  a r o u n d  i n s h o r e  a r e a s  a d j a c e n t  t o  u r b a n  c e n t e r s  a n d  r e c e d i n g  w a t e r  
l e v e l s  a r e  m a j o r  t h r e a t s  t o  t h e  f i s h e r y  a n d  e c o s y s t e m  d y n a m i c s  o f  L a k e  V i c t o r i a  
a s  t h e y  l e a d  t o  l o s s  o f  h a b i t a t  f o r  f i s h  a n d  t h e  i n v e r t e b r a t e s  w h i c h  a r e  f o o d  f o r  
f i s h .  D e t a i l e d  s t u d i e s  s h o u l d  b e  c a r r i e d  o u t  t o  a s s e s s  t h e  i m p a c t ,  e s p e c i a l l y  o f  
r e c e d i n g  w a t e r  l e v e l s ,  o n  f i s h  s p e c i e s  d i v e r s i t y  a n d  f i s h e r y  p r o d u c t i o n  o f  L a k e  
V i c t o r i a .  
R e s u l t s  i n d i c a t e  a  l o w  C a t c h  p e r  U n i t  o f  E f f o r t  ( C P U E )  f o r  t h e  c o m m e r c i a l l y  
i m p o r t a n t  f i s h  s p e c i e s  N i l e  p e r c h  a n d  N i l e  t i l a p i a .  T h i s  i s  d u e  t o  t h e  f a c t  t h a t  t h e  
s h a l l o w  n o n - t r a w l a b l e  a r e a s  o f  t h e  l a k e  a r e  d o m i n a t e d  b y  j u v e n i l e s  o f  t h e  t a r g e t  
f i s h  s p e c i e s  L e .  N i l e  p e r c h  a n d  N i l e  t i l a p i a ,  F i s h e r s  s h o u l d  t h e r e f o r e  b e  
e n c o u r a g e d  t o  m o v e  f u r t h e r  o f f s h o r e  w h e r e  t h e y  m a y  b e  a b l e  t o  g e t  r e a s o n a b l e  
c a t c h e s .  
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S e c t i o n  I :  F i s h  S t o c k s  
P a r t i c i p a t i n g  s c i e n t i s t s :  N a m u l e m o  G . ,  S . B  W a n d e r a ,  W  N k a l u b o ,  D .  M b a b a z i  
M .  N s e g a ,  E .  M p a a t a  a n d  M .  O k w a k o l .  
A b s t r a c t  
B a c k g r o u n d  
T h e  L a k e  V i c t o r i a  f i s h e r y  i s  m a i n l y  g i l l n e t - b a s e d ,  t h i s  b e i n g  t h e  m o s t  i m p o r t a n t  
g e a r  f o r  t w o  o f  t h e  t h r e e  m o s t  i m p o r t a n t  c o m m e r c i a l  f i s h  s p e c i e s  o n  t h e  l a k e :  N i l e  
t i l a p i a  O r e o c h r o m i s  n i l o t i c u s  a n d  N i l e  p e r c h  L a t e s  n i l o t i c u s .  T h e  l o w  c o s t  o f  
p u r c h a s e ,  r e a d y  a v a i l a b i l i t y ,  a n d  e a s e  o f  u s e  m e a n s  t h a t  e v e n  t h e  p o o r e s t  c a n  
e n t e r  t h e  f i s h e r y  ( W i t t e  a n d  D e n s e n  1 9 9 5 ;  O t h i n a  a n d  T w e d d l e  1 9 9 9 ,  A s i l a  
2 0 0 1 ) .  T h e r e  i s  a l s o  a  p r o m i n e n t  f i s h e r y  b a s e d  o n  l i g h t  a t t r a c t i o n  e x p l o i t i n g  t h e  
d a g a a ,  R a s t r i n e o b o l a  a r g e n t e a  u s i n g  m o s q u i t o  s e i n e  ( 5 - 1 0  m m )  a n d  l i f t  n e t s .  
O t h e r  m e t h o d s  o f  f i s h i n g  i n c l u d e  l o n g  l i n e ,  h o o k  a n d  l i n e  a n d  d r i f t  n e t s .  
G i l l n e t s  h a v e  b e e n  u s e d  i n  t h e  L a k e  V i c t o r i a  f i s h e r y  s i n c e  t h e  e a r l y  1 9 0 0  
( G r a h a m  1 9 2 7 ,  O g u t u - O h w a y o  e t  a l .  1 9 9 8 ) .  I n d e e d ,  t h e  i n t r o d u c t i o n  o f  g i l l n e t s ,  
c o u p l e d  w i t h  t h e  g r o w t h  o f  u r b a n  c e n t e r s  a n d  c o m m u n i c a t i o n  a r o u n d  t h e  l a k e ,  i s  
w h a t  p r o m p t e d  t h e  s t a r t  o f  m o d e r n  c o m m e r c i a l  f i s h i n g .  B y  1 9 1 6 ,  t h e  c a t c h  r a t e  
p e r  n e t  p e r  n i g h t  ( c . p . n . )  r a n g e d  f r o m  2 5 - 1 0 0  O .  e s c u l e n t u s  i n  a  5 - i n c h  ( 1 2 7  m m )  
n e t  o f  4 5  m e t e r s  ( E A F F R O  1 9 5 5 / 5 6 ) .  G i l l n e t s  b e c a m e  s o  p o p u l a r  t h a t  b y  t h e  m i d ­
1 9 2 0 s  t h e  c . p . n .  o f  t i l a p i a  h a d  d e c l i n e d  t o  5  f i s h .  D e s p i t e  m e a s u r e s  t o  r e d u c e  t h i s  
t r e n d ,  t h e  a v e r a g e  c . p . n .  d r o p p e d  f r o m  3 . 1  i n  1 9 3 3 - 3 7  t o  1 . 9  b y  1 9 4 5  a n d  1 . 2  i n  
1 9 5 5 .  F r o m  1 9 5 6 ,  g i l l n e t s  o f  m e s h  s i z e  4 . 5  i n c h e s  ( 1 1 4  m m )  a p p e a r e d  ( B a l i r w a  
1 9 9 2 )  i n  t h e  l a t e  1 9 5 0 s  a n d  e a r l y  1 9 6 0 s  e v e n  s m a l l e r  m e s h  n e t s  o f  3  i n c h e s  
b e c a m e  w i d e  s p r e a d .  E s t i m a t e s  o f  g i l l n e t  s e l e c t i v i t y  o n  L a k e  V i c t o r i a  h a v e  b e e n  
m a d e  f o r  C l a r i a s  g a r i e p i n u s  ( G u l l a n d  a n d  H a r d i n g  1 9 6 1 ) ,  O r e o c h r o m i s  
e s c u l e n t u s  ( G a r r o d  1 9 6 1 ) ,  O r e o c h r o m i s  l e u c o s t i c t u s  a n d  T i l a p i a  z i l l i i  ( W e l c o m m e  
1 9 6 8 )  a n d  N i l e  p e r c h  ( A s i l a  2 0 0 1 ) .  T h e  u s e  o f  g i l l n e t s  i s  c o n t i n u i n g  t o  i n c r e a s e  
r a p i d l y .  T h e r e  w e r e  a l m o s t  1  m i l l i o n  ( 9 8 4  0 8 4 )  g i l l n e t s  r e c o r d e d  i n  t h e  2 0 0 2  f r a m e  
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survey, an increase of nearly 50% on the figure recorded two years previously 
(656 650). In 2000, gillnets were estimated to take 68% of the total catch of fish 
on the lake (almost 150,000 tones out of a total of 220,000 tones). Nile perch is 
exploited using mesh sizes of 5-10 inches and Nile tilapia using mesh sizes of 3­
5 inches (Witte and Densen 1995; Othina and Tweddle 1999, Asila 2001). 
Monitoring of stocks for stock assessment purposes on Lake Victoria has been 
done using trawl nets and acoustic methods. However, for reasons of vessel and 
gear access, these methods are not suitable for monitoring fish populations in 
shallow inshore waters and because of this, data in shallow inshore waters are 
lacking. Gillnets are the ideal gear for monitoring stocks in the shallow areas of 
Lake Victoria where other sampling gears are of limited use. 
During APE 2 second quarter, two surveys were conducted. The first survey was 
conducted in Zone 1 (Kasensero, Ddimo and Lambu) in February 2006 and the 
second was conducted in Zone 3 (Berkley, MacDonald and Thruston bays) in 
March 2006. 
Overall Objective 
The overall objective of the gillnet surveys is to collect information needed to 
support the regulation of fishing effort within the framework of an adaptive 
management approach. This includes the collection of data for stock 
assessment and management of Nile Perch and Nile tilapia, identification of 
critical near-shore habitats for fish and the evaluation of the performance of 
gillnet fishing gears under controlled conditions. Information on by-catch species 
is also needed to improve the understanding of their status in the lake, and the 
effects of fishing on them. 
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S p e c i f i c  o b j e c t i v e s  
• 	  D e v e l o p m e n t  o f  a  f i s h e r y  i n d e p e n d e n t  a b u n d a n c e  i n d e x  f o r  k e y  
c o m m e r c i a l  s p e c i e s  i n  p o r t i o n s  o f  t h e  l a k e  t h a t  a r e  n o t  r e a d i l y  c o v e r e d  b y  
t r a w l  a n d / o r  a c o u s t i c  s u r v e y s  
• 	  D e v e l o p m e n t  o f  a  t i m e  s e r i e s  o f  i n d i c a t o r s  o f  t h e  c o m p o s i t i o n  a n d  s t a t u s  
o f  t h e  n e a r - s h o r e  f i s h  b i o t a  o f  L a k e  V i c t o r i a .  
• 	  P r o v i s i o n  o f  b i o l o g i c a l  d a t a  i n p u t s  f r o m  t h e  n e a r - s h o r e  a r e a  f o r  s t o c k  
a s s e s s m e n t  o f  k e y  c o m m e r c i a l  f i s h  s p e c i e s  o n  t h e  l a k e .  
• 	  D e t e r m i n a t i o n  o f  c r i t i c a l  h a b i t a t s  f o r  f i s h  s u r v i v a l  a n d  f o r  b i o d i v e r s i t y  
c o n s e r v a t i o n  i n c l u d i n g  b r e e d i n g  a n d  n u r s e r y  g r o u n d s  
• 	  E v a l u a t i o n  o f  t h e  s e l e c t i v i t y  o f  g i l l n e t s  u n d e r  c o n t r o l l e d  c o n d i t i o n s  f o r  t h e  
v a l i d a t i o n  o f  m e s h  s i z e  l i m i t s  a n d  e s t i m a t i o n  o f  p a r a m e t e r s  f o r  s t o c k  
a s s e s s m e n t  m o d e l s .  
S t u d y  a r e a ,  M a t e r i a l s  a n d  M e t h o d s  
T h e  s u r v e y s  w e r e  c a r r i e d  o u t  i n  Z o n e s  1  a n d  3  o f  L a k e  V i c t o r i a ,  U g a n d a  
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t h
( F i g u r e  1 ) ,  f r o m  1 2 ' h  t o  1 9
t h  
F e b r u a r y  2 0 0 6  a n d  t o  M a r c h  2 0 0 6  
r e s p e c t i v e l y .  T h e  s u r v e y s  w e r e  r e s t r i c t e d  t o  t h e  s h a l l o w  n e a r s h o r e  a r e a s  n o t  
a c c e s s i b l e  b y  b o t t o m  t r a w l  a n d  h y d r o a c o u s t i c  s a m p l i n g  m e t h o d s .  A r e a s  
s a m p l e d  i n c l u d e  K a s e n s e r o ,  D i m o ,  L a m b u ,  B e r k e l e y  B a y ,  M a c D o n a l d  B a y  
a n d  T h r u s t o n  B a y .  
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Four fleets of multimesh multifilament nets were set according to the scheme 
indicated in the table 1 below. The multimesh fleets 1 - 3 each comprised 14 
nets of mesh sizes starting from 1" in increments of 0.5" up to 6.5" plus 7" and 8". 
The CPUE fleet had 20 nets composed of 5 nets of each mesh size 4", 5", 6" and 
7" randomized according to the scheme agreed on during the regional pilot 
survey. The gillnets were always set in the evening (5.00 pm) and retrieved the 
next morning (7.00 am) 
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T a b l e  1 :  S h o w i n g  t h e  n u m b e r  o f  f l e e t s  u s e d  a n d  t h e i r  l o c a t i o n  r e l a t i v e  t o  t h e  
s h o r e  
F l e e t  
L o c a t i o n  r e l a t i v e  t o  s h o r e  
M u l t i m e s h  
1  0 - 1 0 0  m e t r e s  ( a s  c l o s e  t o  t h e  s h o r e  a s  p r a c t i c a b l e )  
( i n s h o r e )  
M u l t i m e s h  2  1 0 0 - 2 0 0  m e t r e s  ( a p p r o x i m a t e l y  1 0 0  m e t r e s  o f f s h o r e  o f  m u l l i m e s h  
( m i d h h s o r e )  1 )  
M u l t i m e s h  
3  
2 0 0 - 3 0 0  m e t r e s  ( a p p r o x i m a t e l y  1 0 0  m e t r e s  o f f s h o r e  o f  m u l t i m e s h  
( o f f s h o r e )  
2 )  
C P U E  M o r e  t h a n  1 0 0 0  m e t r e s  f r o m  s h o r e  ( o p e n  w a t e r s  w h e r e  c o m m e r c i a l  
f i s h e r s  o p e r a t e )  
A l l  t h e  b i o l o g i c a l  p a r a m e t e r s  a r e  r e c o r d e d  f o l l o w i n g  t h e  p r o c e d u r e s  o u t l i n e d  i n  
t h e  G i l l n e t s  a n d  b i o l o g i c a l  S t a n d a r d  O p e r a t i n g  P r o c e d u r e s  ( S O P s ) .  F o r  e a c h  
s p e c i e s  c a u g h t ,  b i o m e t r i c  i n f o r m a t i o n  w a s  r e c o r d e d  o n  t h e  a p p r o p r i a t e  d a t a  
s h e e t s .  D a t a  t h a t  c o u l d  n o t  b e  c a p t u r e d  i n  t h e  f i e l d  l i k e  f o o d  o f  t h e  t i l a p i i n e s ,  
s a m p l e s  w e r e  p r e s e r v e d  f o r  l a t e r  a n a l y s i s  i n  t h e  l a b o r a t o r y  
A n a l y s i s  o f  d a t a  f o l l o w e d  p r o c e d u r e s  o u t l i n e d  i n  t h e  g i l l n e t  a n d  b i o l o g i c a l  s u r v e y  
S O P s .  
R e s u l t s  a n d  D i s c u s s i o n  
F i s h  s p e c i e s  c o m p o s i t i o n  a n d  r e l a t i v e  a b u n d a n c e  
T a b l e  2  s u m m a r i z e s  t h e  s p e c i e  c a u g h t  a n d  t h e i r  p e r c e n t a g e  c o m p o s i t i o n  b y  
n u m b e r s .  T h e  h i g h e s t  n u m b e r  o f  s p e c i e s  w a s  r e c o r d e d  f r o m  B e r k l e y  B a y  ( 1 7 )  o f  
Z p n e  3  a n d  K a s e n s e r o  ( 1 3 )  i n  Z o n e  1 .  E l e v e n  f i s h  t a x a  w e r e  r e c o r d e d  f r o m  
M a c d o n a l d  B a y  a n d  T h r u s t o n  B a y .  T h e  l o w e s t  n u m b e r  o f  f i s h  t a x a  w a s  r e c o r d e d  
f r o m  D d i m o  ( 3 )  a n d  L a m b u  ( 5 )  i n  Z o n e  1 .  O v e r a l l ,  1 6  f i s h  t a x a  w e r e  r e c o r d e d  
f r o m  Z o n e  1  a n d  2 0  f r o m  Z o n e  3  i n c l u d i n g  h a p l o c h r o m i n e s  a s  a  s i n g l e  s p e c i e s  
g r o u p .  A m o n g s t  t h e  h a p l o c h r o m i n e s ,  5  s p e c i e s  w e r e  i d e n t i f i e d  f r o m  Z o n e  1 .  
1 0  
They included Paralabidochromis "rockpicker", Ptyochromis sauvagei, 
Astatotilapia sp., Pundamilia sp., Gaurochromis empodisma. In zone 3, 12 
species were identified, These included Astatoreochromis al/uaudi, Astatotilapia 
sp., Harpagochromis guiarti, Lithochromis rufus, Mbipia mbipi, Neochromis 
sp,Paralabidochromis sp., Ptyochromis sp., Pundamilia sp" Psammochromis 
sp" and Yssichromis "zooplanktivore", 
The high number of fish taxa in Kasensero and Berkley bay could be attributed to 
the presence of riverine and rocky habitats which act as refugia for endangered 
native fish species especially the mormyrids and haplochromines cichlids The 
sites were also associated with high levels of nitrates and phosphates The 
nutrients are brought into Kasensero and Berkley Bay through rivers Kagera and 
Sio respectively and surface runoff from agricultural activities in the surrounding 
catchments areas The high levels of nutrients favor the growth of phytoplankton 
that are consumed by zooplankton and other invertebrates that act as food items 
for most of the fish species. Phytoplankton is also directly consumed by some of 
fish species especially the tilapiine cichlids 
Lates niloticus, haplochromines and Oreochromis niloticus were the most 
common species recorded in all the sites although L niloticus was the most 
dominant throughout. The presence of haplochromines cichlids in all the sites 
especially Thruston Bay where it ranked the second by percentage contribution 
in number, is evidence of the recovery of this group of fishes which had declined 
largely due to predation by L niloticus. The high numbers of haplochromines in 
Thruston Bay is attributed to the presence of papyrus habitats which act as 
refugia for the haplochromines against predation. Nile perch seems to grow 
fastest on a haplochromines prey base (Kaufman and Schwarz, 2002), thus a 
further recovery of haplochromines may be of great importance for a healthy and 
productive Lake Victoria ecosystem. The recovery of haplochromines will be 
more successful if the negative impacts of eutrophication can be reduced. 
Measures to reduce increase in eutrophication and pollution of Lake Victoria 
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c o m p r i s e  r e f o r e s t a t i o n  o f  t h e  r i p a r i a n  z o n e s  o f  t h e  l a k e  a n d  i t s  t r i b u t a r i e s ,  
r e s t o r a t i o n  o f  t h e  w e t l a n d s ,  w h i c h  f u n c t i o n  a s  n a t u r a l  f i l t e r  s y s t e m s ,  b u i l d i n g  o f  
s e w a g e  p l a n t s  n e a r  d e n s e l y  p o p u l a t e d  a r e a s  a n d  a c t i o n s  t o  r e d u c e  t h e  i n f l u x  o f  
m a t e r i a l s  a n d  c o n t a m i n a n t s  i n t o  t h e  l a k e  
T a b l e  2 .  F i s h  s p e c i e s  c o m p o s i t i o n  a n d  r e l a t i v e  a b u n d a n c e  ( %  w e i g h t )  i n  t h e  
v a r i o u s  s i t e s  s a m p l e d  i n  Z o n e s  1  a n d  3  d u r i n g  A P E  2  
Z o n e  1  Z o n e  3  
F i s h  t a x a  
K a s e n s e r o  
D d i m o  
L a m b u  B e r k l e y  B a y  M a c D o n a l d  B a y  
T h r u s t o n  B a y  
A . .  f  0  
0  
0  
0  
0 . 3  
0  
B .  a  1 . 7  
0  0  1 . 8  0  
0  
B a r b .  0  
0  
0  
0  0  0  
B . d  3 . 3  
0  0  0  0  
0  
B .  i  1 . 5  
0  
0  
0 . 5  
0 . 1  
0  
B .  s  
8 . 3  0  
0  0 . 5  0 . 4  
2 . 2  
C .  0  
2 . 7  0  
0  3 . 6  9 . 8  
0 . 9  
G . I  
0  
0  
0  0 . 7  0  
0  
G  v  
0  0  
0  
0 . 1  
0  
0  
H a p  
0 . 1  0 . 7  
0 . 3  
0 . 7  
4 . 2  
3 2 . 3  
L . n  
6 9 . 1  9 7 . 5  8 4 . 6  7 0 . 6  3 8 . 4  5 3 . 2  
L . v  
0  
1 . 8  
0  
5 . 5  
0  
0  
M . o  
2 . 2  
0  
0  
0 . 6  
0  
0  
M . k  0 . 9  
0  
6 . 9  0 . 1  
0  
0 . 9  
0 . 1  0  
0  
0  
0  0  
0 . 6  
O .  n  1 . 0  
0  
1 . 8  
2 . 9  
1 7 . 8  8 . 6  
P .  a  0  
0  
0  0 . 3  4 . 3  0 . 3  
P . c  0  
0  
0  0 . 3  0  0  
S . a  0 . 4  
0  
0  7 . 2  2 1 . 3  0 . 3  
S .  i  0 . 4  
0  
0  0 . 3  0  0  
S .  v  
8 . 1  
0  
6 . 4  4 . 3  0 . 7  
0 . 1  
T . z  
0  0  0  
0  
2 . 9  
0 . 6  
N o .  o f  1 3  3  5  
1 7  
1 1  
1 1  
t a x a  
A .  f =  A f r o m a s t e r c e m b e l u s .  F r e n a t u s ,  B .  a  =  B a r b u s  a l t i a n a l i s ,  B a r b .  =  B a r b u s  
s p ,  B .  d  =  B a g r u s  d o c k m a c ,  B . j  =  B r y c i n u s  j a c k s o n i i ,  B .  s  =  B r y c i n u s  s a d l e r i ,  C .  9  
=  C l a r i a s  g a r i e p i n u s ,  G .  I  = G  n a t h o n e m u s  l o n g i b a r b i s ,  G .  v  = G  n a t h o n e m u s  
v i c t o r i a e ,  H a p  =  H a p l o c h r o m i n e s ,  L .  n  =  L a t e s  n i l o t i c u s ,  L .  v  =  L a b e o  v i c t o r i a n u s ,  
M .  9 =  M a r c u s e n i u s  g r a h a m i ,  M .  k .  =  M o m y r u s  k a n n u m e ,  O .  I  =  O r e o c h r o m i s  
l e u c o s t i c t u s ,  O .  n  =  O r e o c h r o m i s  n i l o t i c u s ,  P .  a  =  P r o t o p t e r u s  a e t h i o p i c u s ,  P .  a  =  
S c h i l b e  i n t e r m e d i u s  P e t r o c e p h a l u s  c a t a s t o m a ,  S .  a  =  S y n o d o n t i s  a f r o f i s c h e r i ,  S .  I  
=  S c h i l b e  i n t e r m e d i u s ,  S .  v  = .  S y n o d o n t i s  v i c t o r i a e ,  T  z  =  T i l a p i a  z i l l i i  
1 2  
Fish species diversity 
In all the stations sampled during the survey, the number of fish species was 
highest along the shoreline decreasing with increasing distance from the 
shoreline. In addition, a higher number of species was associated with riverine 
and papyrus habitat types as compared to other habitats. 
The Shannon Weaver diversity index calculated was highest at Kyabasimba 
(1.69) followed by Kagera river mouth (0.64), Lambu papyrus (0.33), Lambu rock 
(0.19). Least diversity was obtained at Ddimo (0.064). The high species diversity 
at Kyabasimba as was observed by this study could be attributed to the presence 
of a rocky habitat that provides both a suitable habitat and refugia to many 
species especially the haplochromines. However, during the survey conducted 
in June, species diversity was highest at Kagera river mouth. This could have 
been due to the presence of anadromous fish species, especially the mormyrids 
that were ascending the river to breed during the wet season 
In Zone 3, The Shannon Weaver Diversity index was highest at Kafunda papyrus 
(2.01) followed by Sio rivermouth (1.96), Bugoto rock (0.99), and Majanji (0.97). 
Least diversity index value was obtained at Buluba forest. The high diversity 
index value at Kafunda could be due to the presence of the papyrus vegetation 
that provides refugia to many species especially the indigenous fish species as 
was observed during the survey. 
PopUlation structure of Lates niloticus 
The size structure of the most dominant species (Nile perch) was analyzed. In 
Zone 1, Nile perch obtained from Kasensero sampling site ranged from 8.7 to 
77.9 cm total length (TL) with mean length at 20.7cm TL. From Kyabasimba, the 
fishes varied from 9.1 to 58.0 cm TL with mean length at 19.1cm TL. Ddimo size 
distribution varied from 9.1 to 63.5 cm TL with a mean length at 22.1 cm TL., 
while Lambu had fish sizes ranging from 9.6 to 67.9 cm TL. The overall size 
structure was however sKewed to towards the juvenile. The specimens whose 
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s e x  c o u l d  n o t  b e  i d e n t i f i e d  w e r e  6 8 . 1  %  o f  t h e  c a t c h ,  b y  n u m b e r s . .  T h e  s i z e  
s t r u c t u r e  w a s  s i m i l a r  t o  t h a t  o b s e r v e d  d u r i n g  t h e  s u r v e y  i n  J u n e  a l t h o u g h  t h e  
m a x i m u m  l e n g t h  w a s  h i g h e r  ( 7 7 . 9  c m )  a s  c o m p a r e d  t o  t h e  o n e  r e c o r d e d  i n  t h e  
p r e v i o u s  s u r v e y  ( 7 2 . 0  c m )  T o t a l  l e n g t h .  
I n  Z o n e  3 ,  N i l e  p e r c h  o b t a i n e d  f r o m  S i o  r i v e r m o u t h  r a n g e d  f r o m  8  t o  5 8  c m  ( T L )  
w i t h  a  m e a n  l e n g t h  o f  1 4 . 3  c m ;  F r o m  M a j a n j i ,  t h e  f i s h e s  v a r i e d  f r o m  9  t o  8 3  c m  
( T L )  w i t h  m e a n  l e n g t h  a t  2 0 . 8  c m  T L ;  B u g o t o  r o c k y  f r o m  9  t o  5 3  c m  T L  w i t h  a  
m e a n  l e n g t h  o f  2 0 . 6 c m .  T L ,  ; w h i l e  i n  B u g o t o  p a p y r u s  t h e  s i z e  r a n g e d  f r o m  8  t o  
8 3  c m  w i t h  a  m e a n  l e n g t h  o f  1 5  c m  T L  . I n  T h r u s t o n  B a y ,  K a f u n d a  p a p y r u s  h a d  
f i s h e s  r a n g i n g  f r o m  9  t o  4 2  c m  w h i l e  t h o s e  f r o m  B u l u b a  f o r e s t  r a n g e d  f r o m  5  t o  
5 8  c m  T L .  H o w e v e r ,  t h e  o v e r a l l  s i z e  s t r u c t u r e  i n  b o t h  z o n e s  w a s  s k e w e d  
t o w a r d s  t h e  j u v e n i l e s  ( M e a n  1 7 . 7 c m ,  M i n i m u m  5 c m  a n d  m a x i m u m  8 3 c m  T L ) .  
T h i s  o b s e r v a t i o n  i n d i c a t e s  t h a t  t h e  s h a l l o w  n o n - t r a w a l a b l e  a r e a s  s u p p o r t  
j u v e n i l e / i m m a t u r e  f i s h e s .  P r o b a b l y  t h e s e  a r e a s  a r e  n u r s e r y  g r o u n d s  f o r  L .  
n i l o t i c u s  a n d  r e q u i r e  a p p r o p r i a t e  m a n a g e m e n t  m e a s u r e s  f o r  t h e  s u s t a i n a b l e  
f i s h e r y  o f  t h e  s p e c i e s  
C a t c h  r a t e s  
T h e  c a t c h  r a t e s  p e r  g e a r  s i z e  o f  L a t e s  n i l o t i c u s  a n d  O r e o c h r o m i s  n i l o t i c u s  w e r e  
a n a l y z e d .  O v e r a l l ,  t h e  l o w e s t  a n d  h i g h e s t  c a t c h  r a t e s  f o r  L a t e s  n i l o t i c u s  w e r e  
o b t a i n e d  f r o m  t h e  3 . 5 "  ( 0 . 4  k g )  a n d  7 "  ( 2 . 2  k g )  m e s h - s i z e  n e t  r e s p e c t i v e l y  w h i l e  
f o r  O r e o c h r o m i s  n i l o t i c u s ,  t h e  h i g h e s t  a n d  l o w e s t  c a t c h  r a t e s  w e r e  r e c o r d e d  i n  
t h e  5 "  ( 0 . 7  k g )  a n d  3 "  m e s h - s i z e  n e t s  ( 0 . 2  k g )  p e r  n i g h t  r e s p e c t i v e l y .  
C P U E  
T h e  C a t c h  p e r  U n i t  o f  E f f o r t  f o r  t h e  c o m m o n l y  u s e d  m e s h  s i z e s  i n  t h e  c o m m e r c i a l  
f i s h e r y  w a s  a n a l y z e d .  O v e r a l l ,  t h e  v a l u e  w a s  1 . 7  k g  f o r  N i l e  p e r c h  a n d  0 . 4  k g  f o r  
N i l e  t i l a p i a  p e r  n i g h t . .  H o w e v e r ,  w h e n  c o m p a r e d  w i t h  t h e  c o m m e r c i a l  f i s h e r s ,  t h e  
n e t s  u s e d  i n  t h e  e x p e r i m e n t a l  s u r v e y  w e r e  t o o  f e w  t o  g i v e  a  r e a l i s t i c  v a l u e  f o r  
C P U E .  T h e r e  i s  t h e r e f o r e  n e e d  t o  i n c r e a s e  t h e  n u m b e r  o f  n e t s  o f  t h e  C P U E  f l e e t  
1 4  
Food and feeding 
Stomach contents of various fish species were examined to assess their feeding 
habits. The food analysis was carried out following the methodologies outlined in 
the Biological survey SOPs. Food items for the fish species examined were as is 
outlined below. 
a) Food of Nile perch 
Overall, unidentifiable fish remains were the most dominant food item (49.9%), 
followed by Dagaa (35.4%), Haplochromines (10.2%), Nile perch (1.5%) and 
Caridina nilofica (1.5%). Other food items included mollusks, Odonata nymphs 
and chironomid larvae. In Kagera and Lambu, Dagaa was the dominant food 
item while in Kyabasimba and Ddimo, unidentifiable fish remains were the most 
dominant. .Haplochromines and Caridina were more prominent in the Nile perch 
diet when compared to the previous survey in which R, argenfea was the most 
dominant food item. From Kagera rivermouth and papyrus habitats, the 
dominant prey item was Rasfrineobola argenfea, while Caridina nilotica and 
haplochromines dominated the diet of Nile perch in rocky and forest habitat types 
respectively. 
In both zones ontogenic shift in the diet of Nile perch was observed. The smaller 
size classes fed on a number of prey items such as insects, Caridina, mollusk 
and fish. As the fish increased in size, its diet composed mainly of fish prey. The 
cannibalistic tendency of Nile perch was observed in both zones 
b) Food of Nile tilapia 
A detailed examination of the Nile tilapia stomachs revealed that blue green 
algae (Anabaena, Microcysfis Nifzchia, Plankfolyngbya, Coelasfrum, Osci/laforia, 
Lyngbya) was most ingested (Fig. 5). Other types of algae also comprising the 
tilapia diet included: diatoms (Synedra, Navicula. Surrirela, Cyclofella) , green 
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a l g a e  ( M e r i s m o p e d i a ,  M o n o r a p h i d i u m ,  S e e n e d e s m u s ,  O o e y s t i s ) .  H i g h  p l a n t  
m a t e r i a l  w a s  a l s o  p r e s e n t  i n  t h e  N i l e  t i l a p i a  s t o m a c h s .  
c )  F o o d  o f  o t h e r  f i s h  s p e c i e s  
O t h e r  f i s h  s p e c i e s  t h a t  w e r e  e n c o u n t e r e d  d u r i n g  t h e  s u r v e y s  h a d  a  d i e t  t h a t  
c o m p r i s e d  o f  f i s h ,  C h i r o n o m i d s ,  m o l l u s k s ,  O l i g o c h a e t e ,  O d o n a t a ,  h i g h  p l a n t  
m a t e r i a l  a n d  E p h e m e r o p t e r a .  C .  g a r i e p i n u s  a n d  S .  i n t e r m e d i u s  f e d  e x c l u s i v e l y  o n  
f i s h  w h i l e  B .  d o e m a e  a n d  S .  v i e t o r i i a e  a l s o  f e d  o n  i n s e c t s  i n  a d d i t i o n  t o  f i s h .  M .  
g r a h a m i ,  M .  k a n n u m e  a n d  S .  a f r o f i s e h e r i  f e d  e x c l u s i v e l y  o n  C h i r o n o m i d  l a r v a e .  
T a b l e  3 .  P e r c e n t a g e  c o n t r i b u t i o n  o f  d i f f e r e n t  p r e y  i t e m s  i n  d i e t  o f  s o m e  o f  t h e  f i s h  
s p e c i e s  r e c o r d e d  d u r i n g  t h e  s u r v e y s  i n  A P E  2  
F o o d  i t e m s  
S p e c i e s  F R  R a s  D d t  
M o l l  
C h i r  
E p h e m  D l i g  
H P M  
B . d  8 1 . 3  
0  
0  
0  1 2 . 5  0  
0  
6 . 2  
B . s  
0  0  
1 0 0  
0  0  0  0  0  
e . g  
1 0 0  0  0  0  
0  
0  0  0  
M . o  
0  0  
0  0  
1 0 0  0  
0  0  
M .  k  
0  
0  0  0  
1 0 0  0  
0  0  
S . a  
0  
0  0  0  1 0 0  0  0  0  
S . V  
9 . 6  2 . 0  9 . 1  0 . 1  7 7 . 1  1 . 1  0 . 3  
0 . 6  
S .  i  
1 0 0  0  0  0  0  
0  
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B .  d  = B a g r u s  d o e m a e ,  B .  s = B r y e i n u s  s a d l e r i ,  C .  g  = C l a r i a s  g a r i e p i n u s ,  M .  g  =  
M a r e u s e n i u s  g r a h a m i ,  M .  k  =  M o r m y r u s  k a n n u m e ,  S .  a =  S y n o d o n t i i s  
a f r o f i s e h e r i ,  S .  v  =  S y n o d o n t i s  v i e t o r i a e ,  S .  I =  S e h i l b e  i n t e r m e d i u s  
S e x  r a t i o s  
O v e r a l l  t h e  s e x  r a t i o  m a l e  t o  f e m a l e  f o r  N i l e  p e r c h  d u r i n g  t h i s  s u r v e y  w a s  2 : 1  a s  
c o m p a r e d  t o  4 : 1  o b s e r v e d  d u r i n g  t h e  p r e v i o u s  s u r v e y  o f  J u n e  2 0 0 5  
C o n c l u s i o n s  a n d  r e c o m m e n d a t i o n s  
T h e  n u m b e r  o f  f i s h  t a x a  w a s  h i g h e r  i n  t h e  n e a r - s h o r e  f l e e t s  ( 0 - 1 0 0 m )  d e c r e a s i n g  
w i t h  i n c r e a s i n g  d i s t a n c e  f r o m  t h e  s h o r e l i n e .  T h e  n e a r - s h o r e  a r e a s  a r e  a l s o  
a s s o c i a t e d  w i t h  h i g h  p r i m a r y  p r o d u c t i v i t y  a n d  h e n c e  s e c o n d a r y  p r o d u c t i o n  t o  
w h i c h  C a r i d i n a  a n d  o t h e r  i n v e r t e b r a t e s  a r e  p a r t .  T h e s e  o r g a n i s m s  a r e  a n  
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important source of food for the fish and this may partly account for the high 
number of fish species recorded in this area of the lake. 
Although Nile perch was the most dominant fish species recorded in all the 
stations dUring the surveys, haplochromines, Brycinus sadleri, Brycinus jacksonii 
Oreochromis niloticus and various mormyrid species contributed significantly to 
the fish biomass. The presence of many fish species and their coexistence with 
the predator, Nile perch is attributed to the presence of macrophyte cover and 
rocky habitats which serve as refugia in the shallow inshore habitats of Lake 
Victoria. In addition, the vegetated habitats are an important source of food for 
the fishes. As reported in macro-invertebrate studies, big populations of Caridina 
and other invertebrates have been recovered among macrophyte beds. Caridina 
is an important source of food for juvenile Nile perch and other fish species so 
are the other invertebrates especially chironomid larvae, odonata nymphs and 
molluscs. 
Rastrineobola argentea was found to be an important prey item for Nile perch 
and other fish species such as Clarias gariepinus. Measures should therefore be 
taken to ensure sustainable harvesting of Dagaa so that there is enough left to 
sustain the fishery of Nile perch 
Caridina nilotica, occupying the niche left by detritivorous haplochromines, and 
also released from the previous predation pressure of the zooplanktivorous 
haplochromines, has increased in biomass and is a major component of the Nile 
perch diet. This could have reduced predation pressure on the haplochromines 
by Nile perch and has possibly contributed to recent resurgence in 
haplochromines cichlids in the lake. However, in some parts of the lake, Caridina 
is being exploited for inclusion in animal feeds (Budeba 2001). The harvesting of 
Caridina by man should be prohibited as it may disrupt the trophic 
interrelationships and sustainable fish production in the lake 
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A l l  t h e  s t a t i o n s  s a m p l e d  d u r i n g  t h e  s u r v e y  e x h i b i t e d  a  p r e d o m i n a n c e  o f  s m a l l  
s i z e d  N i l e  p e r c h  w i t h  f e w  s p e c i m e n s  g r e a t e r  t h a n  5 0  c m  T o t a l  l e n g t h .  T h i s  c o u l d  
b e  a n  i n d i c a t i o n  t h a t  n e a r s h o r e  a r e a s  a r e  n u r s e r y  g r o u n d s  a n d  i m p o r t a n t  
r e c r u i t m e n t  z o n e s  f o r  t h e  N i l e  p e r c h .  T h e  n e a r s h o r e  h a b i t a t s  a r e  a l s o  a s s o c i a t e d  
w i t h  h i g h  d e n s i t i e s  o f  m a c r o - i n v e r t e b r a t e s  a n d  C a r i d i n a .  T h i s  i s  e s p e c i a l l y  
i m p o r t a n t  f o r  y o u n g  f i s h  e s p e c i a l l y  o f  N i l e  p e r c h  t h a t  m a d e  u p  t h e  b u l k  o f  c a t c h  
d u r i n g  t h e  s u r v e y s  i n  t h e  t w o  z o n e s .  G i v e n  t h e  e c o n o m i c  i m p o r t a n c e  o f  N i l e  
p e r c h ,  t h e  h i g h  o v e r a l l  d i v e r s i t y  a n d  p r e s e n c e  o f  i m p o r t a n t  f o r a g e  s p e c i e s  
i m p r o v e s  t h e  l i k e l i h o o d  o f  a  c o n t i n u e d  v i a b l e  N i l e  p e r c h  f i s h e r y .  T h e s e  a r e a s  
s h o u l d  t h e r e f o r e  b e  p r o t e c t e d  f r o m  d e s t r u c t i v e  f i s h i n g  m e t h o d s  a n d  
e n v i r o n m e n t a l  d e g r a d a t i o n  t o  e n s u r e  a  s u s t a i n a b l e  N i l e  p e r c h  f i s h e r y .  
T h e  s h a l l o w  n e a r s h o r e  a r e a s  s h o w e d  a  m u c h  h i g h e r  p h y t o p l a n k t o n  b i o v o l u m e  
p r o b a b l y  a b l e  t o  s u p p o r t  m o r e  j u v e n i l e  f i s h  b i o m a s s  p a r t i c u l a r i t y  T i l a p i a  a n d  t h e  
z o o p l a n k t o n  ( c o p e p o d s  a n d  c l a d o c e r a ) .  T h e s e  a r e a s  a r e  t h e r e f o r e  i m p o r t a n t  f o r  
t h e  s u s t a i n a b l e  e x p l o i t a t i o n  o f  N i l e  p e r c h  a n d  N i l e  l i I a p i a  s i n c e  t h e y  a r e  s u i t a b l e  
n u r s e r y  g r o u n d s  f o r  t h e s e  c o m m e r c i a l l y  i m p o r t a n t  f i s h  s p e c i e s .  I n  a d d i t i o n  t o  t h e  
j u v e n i l e s  o f  N i l e  p e r c h  a n d  N i l e  t i l a p i a  a  v a r i e t y  o f  o t h e r  f i s h  s p e c i e s  e s p e c i a l l y  
t h e  m o r m y r i d s ,  P .  a e t h i o p i c u s ,  C .  g a r i e p i n u s  a n d  h a p l o c h r o m i n e s  a r e  c o n f i n e d  t o  
t h e s e  s h a l l o w  i n s h o r e  a r e a s  w h e r e  t h e y  u t i l i z e  t h e  r i c h  i n v e r t e b r a t e  c o m m u n i t y  
a s s o c i a t e d  w i t h  t h e m  a s  f o o d . .  H o w e v e r ,  t h e  d e t e r i o r a t i n g  w a t e r  q u a l i t y  
p a r t i c u l a r l y  a r o u n d  i n s h o r e  a r e a s  a d j a c e n t  t o  u r b a n  c e n t e r s  a n d  r e c e d i n g  w a t e r  
l e v e l s  a r e  m a j o r  t h r e a t s  t o  t h e  f i s h e r y  a n d  e c o s y s t e m  d y n a m i c s  o f  L a k e  V i c t o r i a  
a s  t h e y  l e a d  t o  l o s s  o f  h a b i t a t  f o r  f i s h  a n d  t h e  i n v e r t e b r a t e s  w h i c h  a r e  f o o d  f o r  
f i s h .  D e t a i l e d  s t u d i e s  s h o u l d  b e  c a r r i e d  o u t  t o  a s s e s s  t h e  i m p a c t ,  e s p e c i a l l y  o f  
r e c e d i n g  w a t e r  l e v e l s ,  o n  f i s h  s p e c i e s  d i v e r s i t y  a n d  f i s h e r y  p r o d u c t i o n  o f  L a k e  
V i c t o r i a .  
R e s u l t s  i n d i c a t e  a  r e d u c t i o n  i n  c a t c h  p e r  u n i t  o f  e f f o r t  ( C P U E )  f o r  t h e  
c o m m e r c i a l l y  i m p o r t a n t  f i s h  s p e c i e s  N i l e  p e r c h  a n d  N i l e  p e r c h .  T h e r e  i s  n e e d  t o  
e n c o u r a g e  t h e  f i s h e r s  t o  s t a r t  e x p l o i t i n g  o t h e r  s p e c i e s  t h a t  a r e  n o t  b e i n g  t a r g e t e d  
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at the moment e.g. C. gariepinus and P aethiopicus. This will reduce the effort 
being exerted on Nile perch and Nile tilapia leading to a sustainable fishery 
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S e c t i o n  I I :  W a t e r  q u a l i t y  a n d  A l g a l  b i o m a s s  
B y :  M a g e z i  G o d f r e y  
I n t r o d u c t i o n  
A  f i e l d  s u r v e y  w a s  u n d e r t a k e n  t o  n o n - t r a w l a b l e  a r e a s  i n  z o n e  I  s t r e t c h i n g  f r o m  
K a s e n s e r o  ( R i v e r  K a g e r a )  t o  L a m b u .  I t  i s  o n e  o f  t h e  q u a r t e r l y  p l a n n e d  a c t i v i t i e s  
u n d e r  G i l l n e t t  s u r v e y s  t o  p r o v i d e  i n f o r m a t i o n  o n  c h a n g e s  i n  t h e  f i s h  s t o c k s ,  t h e  
b i o l o g y  a n d  e c o l o g y  o f  t h e  c o m m e r c i a l l y  i m p o r t a n t  f i s h  s p e c i e s  a n d  
e n v i r o n m e n t a l  p a r a m e t e r s  t h a t  s u p p o r t  d i s t r i b u t i o n  a n d  a b u n d a n c e  o f  t h e  f i s h  
s t o c k s .  T h e  i n s h o r e  a r e a s  o f  t h e  l a k e  p r o v i d e  r e f u g e  t o  f i s h  a n d  o t h e r  a q u a t i c  
b i o t a ,  a n d  a r e  w e l l  k n o w n  f o r  h a r b o r i n g  a  b i g  b i o d i v e r s i t y .  T h e s e  a r e a s  a r e  
a s s u m e d  t o  b e  t h e  b r e e d i n g  a n d  n u r s e r y  g r o u n d s  f o r  s o m e  o f  t h e  c o m m e r c i a l l y  
i m p o r t a n t  f i s h  s p e c i e s .  M o n i t o r i n g  t h e  w a t e r  e n v i r o n m e n t  u n d e r  w h i c h  t h e s e  f i s h  
l i v e  a n d  l o o k i n g  a t  t h e  f o o d  i n  t h e  w a t e r  p r o v i d e s  a  c l e a r  u n d e r s t a n d i n g  o f  t h e  
d i s t r i b u t i o n  a n d  a b u n d a n c e  o f  t h e s e  f i s h e s .  
T h e  s p e c i f i c  o b j e c t i v e  w a s  t o  m o n i t o r  t h e  m a j o r  p h y s i c a l  a n d  c h e m i c a l  
p a r a m e t e r s ,  a l g a l  s p e c i e s  c o m p o s i t i o n  a n d  b i o m a s s ,  w h i c h  a f f e c t  b i o m a s s ,  
c o m p o s i t i o n ,  d i s t r i b u t i o n  a n d  p o p u l a t i o n  s t r u c t u r e  o f  t h e  f i s h  s t o c k s  i n  L a k e  
V i c t o r i a .  
M a t e r i a l S  a n d  m e t h o d s  
I n - s i t u  m e a s u r e m e n t s  w e r e  t a k e n  f o r  c o n d u c t i v i t y ,  t e m p e r a t u r e ,  d i s s o l v e d  
o x y g e n ,  p H ,  a n d  l a k e  t r a n s p a r e n c y  f r o m  z o n e s  I  i n  F e b r u a r y  2 0 0 6 .  L a k e  
t r a n s p a r e n c y  w a s  m e a s u r e d  u s i n g  a  2 5  e m  S e c c h i  d i s c .  W a t e r  c h e m i s t r y  a n d  
p h y t o p l a n k t o n  s a m p l e s  w e r e  c o l l e c t e d  f r o m  t h e  w a t e r  c o l u m n  u s i n g  a  V a n  D o r n  
S a m p l e r .  2 0 0  m l  w e r e  f i l t e r e d  t h r o u g h  0 . 4 5  I J m  p o r e  s i z e  G F / C .  c h l o r o p h y l l - a  w a s  
d e t e r m i n e d  f r o m  t h e  f i l t e r  p a p e r s  u s i n g  m e t h a n o l  t e c h n i q u e  a s  d e s c r i b e d  i n  t h e  
l a b o r a t o r y  m a n u a l .  F i l t r a t e s  w e r e  u s e d  f o r  t h e  a n a l y s e s  o f  N i t r o g e n  ( N H 4 ,  
N 0 2 , N 0 3 , T N )  a n d  p h o s p h o r u s  ( S R P , T P )  s p e c i e s  a s  d e s c r i b e d  i n  S t a n t o n  e t  a l  
1 9 7 7  a n d  S t a n d a r d  M e t h o d s  1 9 9 2 ,  a s  w e l l  a s  f o l l o w i n g  t h e  d r a f t  S t a n d a r d  
2 0  
Operating Procedures (SOP) for Pollution and Environment Monitoring. Samples 
for algae were preserved in lugols solution and were analyzed in the laboratory 
using an inverted microscope. Wet biomass estimation are determined by taking 
measurement of individual algal cells and with the use of geometrical formulas 
that correspond the shapes of the algal cells. 
Results 
Physico-chemical parameters 
High dissolved oxygen concentrations> 8 mg/L were measured in surface waters 
in both the inshore and the offshore areas, while bottom waters had low oxygen 
values (4.5 to 4.3 mg/L) respectively and on average 6.4 to 6.5 mg/L. This was 
comparable to the previous survey November 2005. Algal productivity was 
relatively high in the range 645.75 mg.m'2.h'1 inshore and 732.375 mg.m,2.h,1 
offshore (figure 2), In this survey Kagera River mouth had 3 fold increment in the 
oxygen concentration in the range 6.2-7.5 mg/L (mean7 mg/L) (Figure 1) 
compared to the previous survey in November 2005. Temperature was in the 
range of 25.6-27.7 °c (mean 25.9 °C) inshore while in the corresponding offshore 
waters it ranged from 25-26 °c (mean 25.7 °C), though in kagera the temperature 
was slightly lower in the range 23.9-24.2 °C (mean 24.03 °C) (Figure 1) and lower 
by one degree compared to the results of November 2005. There were no 
significant differences between them. Mean pH values recorded in both inshore 
and offshore 7.64 and 7.53 unlike in Kagera where a value of 6.75 was recorded 
(Figure 1). Low Secchi depth was recorded in Kagera mouth 0.25m and this was 
one fold lower than was recorded in November 2005, while both the offshore and 
inshore areas had comparable mean values 1.26m and 1.23 m respectively. 
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Nutrients 
The high Total Phosphorus (TP) levels 107.99-294.44 ugL" recorded from River 
Kagera mouth was similar to what was recorded in November 2005 with a mean 
value of 201.21 ugL". While in the inshore it ranged in 54.16-121.4 ugL,1 (mean 
90.69 ugL") and off shore stations 36.86-154.12 ugL" (mean 68.0 ugL") (Fig 2). 
Kagera River had the highest Total Nitrogen (TN) in the range of 10794.85­
16417.35 ugL" with a mean value of 13606.10 ugL" and was comparable to the 
values recorded in November 2005. While the inshore range was 3148.25­
8433.4 ugL" (mean 5434.73 ugL") and the corresponding offshore areas 
recorded 1911.30-15180.4 ugL,1 with a mean value of 7578.78 ugL,1 (Figure 2). 
Despite the highest P and N values in Kagera mouth, which drive growth of 
algae, low algal biomass was recorded as chlorophyll-a with a mean value of 
13.2 ugL" (Fig 2). Inshore areas recorded the high biomass ranging from 8.34­
76.45 ugL" with a mean value of 38.46 ugL,1 and the offshore stations registered 
low value 6.95-47.26 ugL,1 with a mean of 15.01 ugL" (Fig 2). 
Soluble Reactive Silicon (SRSI) that enhances the growth and development of 
the diatom frastules was generally higher in this survey compared to November 
2005 survey, and River Kagera mouth had a range of 2093.82-4777.05 ugL,1 and 
a mean of 3435.4 ugL,1 (Fig 2) compared to the November 2005. However the 
inshore and offshore areas had lower values mean values of 625.13 ugL'1 and 
550.61 ugL" respectively (Fig 2) compared to River Kagera mouth. 
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Algal biomass 
The algal bimass and composition followed a similar trend as recorded in the 
November 2005 survey. Four major algal taxonomic groups: Bluegreen, Green, 
Diatoms, Cryptophyles and Euglenophytes were encountered. Of these Kagera 
river mouth recorded only three while in the inshore and offshore areas four 
major groups were recorded each respectively. The blue green algae dominated 
in all the sites with Kagera mouth exhibiting the lowest Biomass 11203.56 ugL,1 
(Table 1). The blue green algae of the genera Anabaena and Planktolyngbya 
were often recorded at all sites and contributed highest biomass. Cryptophyles 
only appeared in the Inshore areas while the Euglenophytes were localized in the 
offshore waters. The diatoms were well represented at all the stations With 
Nitzschia dominating. 
Table 1. Algal wet biomass (ugL'1) 
Inshore Offshore River Kagera 
mouth 
Blue green 23490.38 23087.98 11203.56 
Green 485.01 777.47 95.85 
Diatoms 531.68 464.95 647.9 
Cryptophytes 17.0 
Euglenophytes 3088.22 
Discussion 
The high dissolved oxygen concentrations in surface waters resulted from high 
algal photosynthetic activity, implying high primary productivity that can support a 
productive pelagic fishery. Photosynthesis occurred within a shallow euphotic 
zone of 2.0 m due to low lake transparency indicated by the low Secchi depth 
readings, High algal biomass (15.01-38.46 ugL") contribute to the low lake 
transparency in the surfaces layers of the lake. Light absorption by a high 
chlorophyll-a biomass and other particulate matter can result in diurnal heating 
and elevated surface temperatures as observed in lake. The high algal biomass 
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a n d  p r o d u c t i v i t y  i n  t h e  l a k e  a r e  a  r e s u l t  o f  h i g h  n u t r i e n t  c o n c e n t r a t i o n s  r e c o r d e d  
i n  t h e  w a t e r  c o l u m n  ( F i g  3 ) .  
T h e  h i g h  t o t a l  P h o s p h o r u s  c o n c e n t r a t i o n s  i n  t h e  l a k e  a l l o w  p r o p o r t i o n a t e  u s e  o f  
n i t r o g e n  b y  t h e  a l g a e  r e s u l t i n g  i n  h i g h  t o t a l  N i t r o g e n  c o n c e n t r a t i o n s  i n  t h e  l a k e  
a n d  t h i s  m a y  h a v e  c o n s e q u e n c e s  f o r  a l g a l  s p e c i e s  c o m p o s i t i o n  w h i c h  t e n d s  t o  
w a r d s  d o m i n a n c e  o f  b l u e  g r e e n  a l g a e ,  w h i c h  i n  t u r n  w i l l  a f f e c t  t h e  s t r u c t u r e  a n d  
c o m p o s i t i o n  o f  h i g h e r  t r o p h i c  l e v e l s .  
N u t r i e n t  l o a d i n g  e x e r t s  a  s t r o n g  s e l e c t i v e  f o r c e  o n  a l g a l  c o m m u n i t y  a n d  i n  t u r n  
a f f e c t s  t o t a l  a l g a l  b i o d i v e r s i t y  i n  a n  e c o s y s t e m .  L o w  n i t r o g e n  ( N )  t o  p h o s p h o r u s  ( P )  
s u p p l y  r a t i o s  f a v o r  d o m i n a n c e  o f  b l u e - g r e e n  a l g a e  a n d  t h i s  h a s  b e e n  m a n i f e s t e d  i n  
L a k e  V i c t o r i a  ( M u g i d d e  1 9 9 3 ) .  
C o n c l u s i o n  
T h e  i n s h o r e  s h a l l o w  a r e a s  s h o w e d  a  h i g h e r  a l g a l  b i o m a s s  b o t h  a s  C h l o r o p h y l l  a  
a n d  w e t  b i o m a s s  h o w e v e r  t h e  b l u e  g r e e n  d o m i n a t e d .  
H i g h  s i l i c o n  l e v e l s  r e c o r d e d  i n  R i v e r  K a g e r a  m o u t h  s e e m  t o  b e  s u p p o r t i n g  t h e  
D i a t o m  c o m m u n i t i e s  a r o u n d  t h e s e  a r e a s  w h i c h  a r e  g o o d  d e i t y  f o o d  f o r  t h e  f i s h e s .  
A c c o r d i n g  t o  r e s u l t s  R i v e r  K a g e r a  i s  a  b i g  s o u r c e  o f  n u t r i e n t s  t o  L a k e  V i c t o r i a  i n  
t h e  a r e a s  o f  z o n e  I  a n d  t h i s  m a y  b e  t h e  i n i t i a l  f o r c e  d r i v i n g  h i g h  a l g a l  b i o m a s s  
a n d  p r o d u c t i v i t y  i n  t h e  l a k e .  I n c r e a s e d  n u t r i e n t  i n p u t  t o  t h e  l a k e  w i l l  e n h a n c e  
p r o l i f e r a t i o n  o f  t h e  b l u e  g r e e n  a l g a e ,  w h i c h  i n  t u r n  w i l l  a f f e c t  t h e  w a t e r  q u a l i t y  o f  
t h e  l a k e .  T h i s  m a y  h a v e  a  n e g a t i v e  i m p a c t  o n  o t h e r  t r o p h i c  l e v e l s  w i t h  i n  t h e  l a k e  
a n d  w i l l  c o n s e q u e n t l y  a f f e c t  f i s h  p r o d u c t i o n .  
H i g h  m e a n  c h l o r o p h y l l  l e v e l s  r e c o r d e d  f r o m  t h e  i n s h o r e  s t a t i o n  m a y  h a v e  b e e n  a  
r e s u l t  o f  t h e  h i g h  T P  a n d  T N .  
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S e c t i o n  I I I :  Z o o p l a n k t o n  S t u d i e s  
B y :  M w e b a z a - N d a w u l a . L .  a n d  V .  K i g g u n d u  
B a c k g r o u n d  
T h e  l a s t  l a n d - b a s e d  f i e l d  v i s i t  w a s  u n d e r t a k e n  i n  S e p t e m b e r  2 0 0 6  t o  K a s e n s e r o ,  
K y a b a s i m b a ,  D i m o ,  L a m b u  a n d  B u k a k a t a  i n  z o n e  I  a r e a  o f  L a k e  V i c t o r i a .  T h e  
p r e s e n t  f i e l d  v i s i t  c o v e r e d  a r e a s ,  n a m e l y  B e r k e l e y  b a y ,  M a c d o n a l d  b a y  a n d  
T h r u s t o n  b a y  i n  z o n e  I I I  a r e a  o f  L a k e  V i c t o r i a ,  U g a n d a  ( F i g .  1 )  
O b j e c t i v e  o f  t h e  s t u d y  
T h e  o b j e c t i v e  o f  t h e  s t u d y  w a s  t o  m o n i t o r  c o m p o s i t i o n ,  d i s t r i b u t i o n  a n d  
a b u n d a n c e  p a t t e r n s  o f  z o o p l a n k t o n  i n  t h e  s h a l l o w ,  n o n - t r a w l a b l e  a r e a s  a n d  s h o w  
h o w  t h e s e  p a r a m e t e r s  r e l a t e  t o  t h e  f i s h  s t o c k s  a n d  i n  c o m p a r i s o n  t o  o t h e r  
a v a i l a b l e  d a t a  f r o m  o t h e r  p a r t s  o f  t h e  l a k e .  
M a t e r i a l s  a n d  m e t h o d s  
F i e l d  s a m p l i n g  t i m e  w a s  c o n d u c t e d  b e t w e e n  1 0 0 0 h  a n d  1 4 0 0 h  i . e .  d a y t i m e  
s a m p l i n g .  Z o o p l a n k t o n  w e r e  s a m p l e d  b y  v e r t i c a l  h a u l s  w i t h  a  p l a n k t o n  n e t  o f  
0 . 2 5  m  m o u t h  d i a m e t e r  a n d  6 0  I J m  N i t e x  m e s h .  T h r e e  h a u l s  w e r e  t a k e n  a t  e a c h  
s a m p l i n g  s i t e  a n d  m i x e d  t o  m a k e  a  c o m p o s i t e  s a m p l e .  F r e s h l y  c o l l e c t e d  
z o o p l a n k t o n  s a m p l e s  w e r e  p r e s e r v e d  i n  4 %  s u g a r - f o r m a l i n  s o l u t i o n  a n d  l a b e l e d  
t o  i n c l u d e  d a t e ,  s i t e ,  G P S  l o c a t i o n ,  g e a r  t y p e ,  n u m b e r  o f  h a u l s ,  w a t e r  d e p t h  a n d  
s a m p l i n g  d e p t h .  O t h e r  r e l e v a n t  e n v i r o n m e n t  a l  i n f o r m a t i o n  ( i . e .  c l o u d  c o v e r ,  w i n d  
w a t e r  c o l o r )  w a s  a l s o  r e c o r d e d .  
I n  t h e  l a b o r a t o r y ,  s a m p l e s  w e r e  r i n s e d  i n  t a p  w a t e r ,  d i l u t e d  b a s e d  o n  o r g a n i s m  
c o n c e n t r a t i o n  a n d  s e r i e s  o f  s U b - s a m p l e s  ( 2 ,  5 ,  a n d  1 0  m l )  m i c r o s c o p i c a l l y  
e x a m i n e d  u n d e r  a n  i n v e r t e d  m i c r o s c o p e  a t  X 4 0  m a g n i f i c a t i o n .  T a x o n o m i c  
i d e n t i f i c a t i o n  w a s  d o n e  u s i n g  a p p r o p r i a t e  k e y s  f o r  t h e  d i f f e r e n t  g r o u p s  
( C o p e p o d a ,  C l a d o c e r a  a n d  R o t i f e r a ) .  F o r  e a c h  g r o u p ,  t h e  d i f f e r e n t  s p e c i e s  w e r e  
2 8  
enumerated and data analyzed for taxonomic composition, distribution and 
abundance. 
Results 
Composition, frequency of occurrence and species richness 
Four broad taxonomic groups of zooplankton: Copepoda, Cladocera, Rotifera 
were encountered. An additional group 'Others' including the freshwater prawn, 
Caridina nilotica was also recovered along zooplankton samples and recorded. 
Eight (8) copepod species were encountered including 7 cyclopoid and 1 
calanoid species. Cladocera comprised 5 species while 13+ rotiferan species 
were identified (Table 1). 
Table 1. Species checklist of zooplankton from various sites sampled in Zone III, 
Lake Victoria. March 2006 Key: P = present; A =absent in the samples collected. 
Fl1'Jqurm 
cy 01 
Sites 
Wakawa 
" 
Nd~ 
lrv.>hOte 
Nkombe 
Inshore 
Kafunda 
eO. 
Nkombe 
onshore 
Mus-ubo 
ortsho~ 
&1051 
offshore Sio Off 
Musubl 
Inshore 
BUloS! 
Insohre 
Nduwa O=~ 
offShor~ 
""-­
Ct)Dtlpod.: 
Thermodia OfflUS ale/x)ides 
The o s inc/sus 
Thermo<: , eminl 
P 
P 
P 
P 
A 
P 
A 
P 
A 
A 
A 
P 
P 
P 
A 
P 
A 
A 
P 
P 
A 
P 
P 
A 
P 
P 
P 
p 
A 
A 
P 
A 
P 
al.a
", 
45,5 
T 0 10 con6nnis 
Thermoc .,,,", 'M 
MesOCi o s s . 
~!rmoc • /eCtliS Tro c/o fenequs 
Calanord co e dites 
P 
A 
p 
P 
P 
p 
P 
A 
A 
P 
P 
P 
P 
A 
P 
P 
P 
P 
P 
A 
P 
P 
P 
A 
p 
P 
P 
A 
P 
P 
p 
A 
P 
P 
P 
P 
p 
A 
A 
P 
P 
P 
p 
A 
P 
P 
P 
P 
p 
A 
A 
P 
P 
P 
p 
A 
A 
P 
P 
P 
P 
A 
P 
p 
P 
P 
100.0 
"". 
19~T 
w, 
e 10 !lite P P P P P P P P P P P 1000 
~~.ra: 
Macro/hni< A A P A A A A A A A A 
" ~:~~~: I~mh:n~~elm A A p P P A A A A A P P P A A P A P A A p A ~+-
o. allosoma ellosum 
Moma micrura 
P 
P 
A 
P 
P 
P 
A 
P 
P 
P 
P 
,~ 
A 
P 
P 
P 
A 
P 
A 
A 
A 
A 
.5.5
... 
~iA anchna 
BrlIchionus an ularil!; 
Brachionus buda stmensis 
P 
P 
P 
p 
P 
A 
P 
A 
A 
P 
P 
A 
A 
P 
A 
A 
A 
P 
A 
P 
A 
P 
P 
A 
P 
P 
A 
p 
P 
A 
A 
P 
A 
63,6
". 
18.2 
~~~:: c,:/CallJ~S 
Brachionus f<;Irficula 
A 
A 
A 
A 
A 
A 
P 
P 
A 
P 
P 
P 
A 
A 
A 
P 
A 
A 
P 
P 
A 
A 
A 
A 
P 
A 
A 
P 
P 
A 
P 
A 
A 
'"". 
"Brachionus icatilis 
Filinia 0 {iensis 
Ke....feNa COCflJei!lris 
P 
A 
A 
A 
A 
P 
A 
P 
P 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
A 
P 
A 
P 
P 
P 
A 
P 
A 
A 
A 
A 
18.2
". 
21.3 
Keratella tro it:a 
p~ rthra vu ",/$. 
S Ilchaela s 
Tri£hocerc~ c . dr;ca 
P 
A 
P 
p 
P 
A 
P 
A 
p 
A 
P 
P 
p 
A 
p 
P 
p 
A 
P 
A 
p 
P 
P 
A 
p 
A 
P 
A 
p 
A 
P 
A 
p 
P 
A 
P 
P 
A 
P 
A 
A 
A 
A 
A 
'"lll_l
".
". 
Othenl: 
Caridma nlloliCa A A A A A P A A A A A 
" 
Three copepod species (Thermocyclpos neglectus, Tropocyclops confinnis and
 
Tropocyclops tenet/us), copepodites, one c1adoceran (moina micrura) and three
 
29 
r o t i f e r a n  s p e c i e s  ( B r a c h i o n u s  a n g u l a r i s ,  S y n c h a e t a  s p .  a n d  K e r a t e l l a  t r o p i c a l  
o c c u r r e d  w i t h  h i g h  f r e q u e n c y  ( >  8 0 % )  i n  m o s t  o f  t h e  s i t e s  s a m p l e d .  R o t i f e r a  a n d  
C o p e p o d a  c o n t r i b u t e d  t h e  h i g h e s t  p r o p o r t i o n s  o f  s p e c i e s  n u m b e r  ( 2 - 9  a n d  2 - 6  
r e s p e c t i v e l y )  i n  t h e  z o o p l a n k t o n  c o m m u n i t y  w h i l e  C l a d o c e r a  g e n e r a l l y  s u p p o r t e d  
m u c h  f e w e r  ( 0 - 4 )  n u m b e r  o f  s p e c i e s  ( F i g .  2 ) .  T o t a l  s p e c i e s  r i c h n e s s  w i t h i n  t h e  
t h r e e  v a r i e d  w i t h i n  n a r r o w  l i m i t s  ( 1 0 - 1 5 )  b e t w e e n  s a m p l e  s i t e s ;  w i t h  h i g h e s t  t o t a l s  
r e c o r d e d  a t  M u s u b i  i n s h o r e ,  W a k a w a k a  ( M a c d o n a l d  b a y )  a n d  N k o m b e  i n s h o r e  
( T h r u s t o n  b a y ) .  
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S i t e s  
•  C o p e p o d a  r J  C l a d o c e r a  D  R o t i f e r a  o  T o t a l  
F i g u r e  2 .  Z o o p l a n k t o n  s p e c i e s  r i c h n e s s  f r o m  s e l e c t e d  s i t e s  i n  B e r k e l e y ,  
M a c d o n a l d  a n d  T h r u s t o n  b a y s ,  L a k e  V i c t o r i a ,  M a r c h  2 0 0 6 .  
A b u n d a n c e  a n d  b i o m a s s  
C y c l o p o i d  c o p e p o d s  c o n s t i t u t e d  t h e  h i g h e s t  n u m e r i c a l  a b u n d a n c e  a t  a l l  t h e  1 1  
s i t e s  i n  t h e  t h r e e  b a y s  s a m p l e d  ( F i g .  2 ) .  R o t i f e r s  a n d  C l a d o c e r a  r e g i s t e r e d  
g e n e r a l l y  l o w  a b u n d a n c e s  a t  a l l  s i t e s .  T h e  l o w e s t  a b u n d a n c e s  f o r  a l l  t a x o n o m i c  
g r o u p s  w e r e  f o u n d  a t  M u s u b i  i n s h o r e  ( M a c d o n a l d  b a y )  a n d  O f f  S i o  r i v e r  m o u t h  
( B e r k e l e y  b a y ) .  T o t a l  n u m e r i c a l  a b u n d a n c e s  w e r e  h i g h e s t  ( u p  t o  7 0 0  X  1 0
3  
i n d i v .  
l
m - x 1 0
3
)  a t  N k o m b e  i n s h o r e  a n d  o f f s h o r e  a n d  W a k a w a k a  a l l  i n  M a c d o n a l d  b a y .  
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Figure 3. Numerical abundance of zooplankton taxa in samples from various 
sites in Zone III. Lake Victoria, March 2006 
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Figure 4. Zooplankton biomass at various sites in zone ",, Lake Victoria, March 
2006. 
The biomass data confirm the superiority of abundance of the copepod taxa 
(Fig. 4) 
Discussion 
Zooplanton taxonomic composition from the various sites indicates richness in 
copepod and rotiferan taxa but rather poor in Cladocera species (Table 1). 
Community composition records for the three bay areas are generally 
comparable to those observed in November 2005 field visit to Kasensero­
Kyabasimba area in Zone I and elsewhere in the lake (IFMP gillnet and trawl 
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s u r v e y s  t e c h n i c a l  r e p o r t s  2 0 0 4 - 2 0 0 5 ) .  V e r y  l o w  o c c u r r e n c e  o f  C l a d o c e r a n  a n d  
r o t i f e r a n  s p e c i e s  m a y  b e  r e l a t e d  t o  p r e d a t i o n  p r e s s u r e  a s s o c i a t e d  w i t h  b r e e d i n g  
c y c l e s  o f  d i f f e r e n t  f i s h  s p e c i e s  a n d  o t h e r  c a r n i v o r o u s  g r o u p s .  H o w e v e r ,  d a t a  o n  
p r e v a l e n c e  o f  l a r v a l  f i s h  t h a t  c o m m o n l y  d o m i n a t e  p l a n k t i v o r y  i n  t h e  s h a l l o w  
i n s h o r e  h a b i t a t s  i s  n o t  a v a i l a b l e  t o  c o r r o b o r a t e  t h i s  p o t e n t i a l l y  i m p o r t a n t  f e e d i n g  
i n t e r a c t i o n .  
C o m p a r e d  t o  t h e  p r e v i o u s  d a t a  ( N o v e m b e r  2 0 0 5 )  f r o m  t h e  K a s e n s e r o ­
K y a b a s i m b a  a r e a ,  t h e  p r e s e n t  d e n s i t y  e s t i m a t e s  ( F i g .  3 )  a r e  a n  o r d e r  o f  
m a g n i t u d e  l o w e r ,  l i k e l y  d u e  t o  s p a t i a l  d i f f e r e n c e s  i n  l a k e  e n v i r o n m e n t  a s  w e l l  a s  
l e v e l s  o f  p l a n k t i v o r y .  
M o s t  s i t e s  i n  M a c d o n a l d  b a y  i n d i c a t e  h i g h e r  z o o p l a n k t o n  a b u n d a n c e s  c o m p a r e d  
t o  t h e  g e n e r a l l y  l o w  f i g u r e s  o b t a i n e d  f o r  m o s t  s i t e s  e s p e c i a l l y  i n  T h r u s t o n  b a y .  
T h i s  m a y  b e  a n  i n d i c a t i o n  o f  s p a t i a l  v a r i a t i o n  i n  z o o p l a n k t o n  a b u n d a n c e s  d u e  t o  
d i f f e r e n c e s  i n  e n v i r o n m e n t a l  c o n d i t i o n s  s u c h  a s  n u t r i e n t s ,  c h l o r o p h y l l  
c o n c e n t r a t i o n ,  w i n d s ,  p r e d a t i o n  e t c .  I t  i s  t o  b e  n o t e d  t h a t  t h e  p r e s e n t  c o l l e c t i o n s  
c o n t a i n  k e y  f i s h  f o o d  o r g a n i s m s  s u c h  a s  t h e  c y c l o p o i d  c o p e p o d s  i n  h i g h  
a b u n d a n c e  ( F i g .  3 )  t h a t  s u p p o r t  p e l a g i c  f i s h e r i e s  i n c l u d i n g  t h a t  o f  t h e  
c o m m e r c i a l l y  i m p o r t a n t  m u k e n e ,  R a s f r i n e o b o / a  a r g e n f e a  ( M w e b a z a - N d a w u l a  
1 9 9 8 )  a n d  t h e  r e c o v e r i n g  h a p l o c h r o m i n e  s p e c i e s  i n  t h e  l a k e .  
S i m i l a r  t o  t h e  p r e v i o u s  d a t a ,  t h e r e  i s  l o w  s p e c i e s  d i v e r s i t y  a m o n g  c 1 a d o c e r a n s  
a n d  r o l i f e r s  w h i c h  m a y  a m o n g  o t h e r  f a c t o r s ,  s u g g e s t  g r e a t  p r e d a t i o n  p r e s s u r e  
u p o n  t h e  z o o p l a n k t o n  c o m m u n i t y .  T h i s  p o s s i b i l i t y  n e e d s  t o  b e  t e s t e d  c o n s t r u c t i n g  
c o m m u n i t y  s i z e  s t r u c t u r e ,  w h i c h  c a n  b e  c o m p a r e d  w i t h  s i m i l a r  d a t a  f r o m  o f f s h o r e  
a r e a s  o f  t h e  l a k e .  H o w e v e r  t h e  p o s s i b i l i t y  o f  h i g h  p r e d a t i o n  m a y  b e  b o r n e  o u t  o n  
a s s u m p t i o n  t h a t  s h a l l o w  i n s h o r e  a r e a s  a r e  h a b i t a t s  f o r  j u v e n i l e s  a n d  n u r s e r y  
g r o u n d  o f  m o s t  f i s h e s .  T h e r e f o r e  l a r v a l  a n d  j u v e n i l e  f i s h  p r e d a t i o n  i s  l i k e l y  t o  b e  
h i g h  i n  s u c h  a r e a s .  
3 2  
Conclusions 
Zooplankton community of the shallow non-trawlable areas surveyed is 
composed of Copepoda, Cladocera and Rotifera. Copepoda and in particular 
cyclopoid copepods constitute the most widely distributed taxon and occurs in 
relatively high abundance. Zooplankton species such as cyclopoid species, 
which exhibit wide distribution and high abundance, are important in the lake's 
ecology, as they are readily available as food for pelagic species. Estimated 
densities of zooplankton observed in the present survey are considered sufficient 
to support pelagic fish communities in Lake Victoria inclUding larval and juvenile 
fishes. 
Recommendations 
RegUlar zooplankton surveys to shallow nearshore, non-trawlable areas of the 
lake need to be maintained as the community is crucial to growth and survival of 
fish larvae and juveniles of all fish species and therefore provide a reliable food 
base to fishery production in the lake. 
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S e c t i o n  I V :  B e n t h i c  M a c r o - i n v e r t e b r a t e  S t u d i e s  
B y :  S . B . K .  S e k i r a n d a ,  P .  G a n d h i  a n d  P .  K a l o g o  
B a c k g r o u n d  
I n s h o r e  a r e a s  o f  t h e  l a k e  p r o v i d e  c r i t i c a l  e c o l o g i c a l  h a b i t a t s  f o r  b e n t h i c  m a c r o ­
i n v e r t e b r a t e s  a s  w e l l  a s  o t h e r  b i o t a  i n c l u d i n g  f i s h .  B e n t h i c  m a c r o - i n v e r t e b r a t e s  
a r e  v e r y  i m p o r t a n t  a s  f o o d  f o r  v a r i e t y  o f  f i s h e s .  T h e y  i n c l u d e  o r g a n i s m s  s u c h  a s  
f i n g e r n a i l  c l a m s  ( b i v a l v e s ) ,  a q u a t i c  s n a i l s ,  a n d  i n s e c t  l a r v a e .  B o t h  w a t e r  
c h e m i s t r y  a n d  t h e  s t r u c t u r e  o f  b e n t h i c  m a c r o - i n v e r t e b r a t e  c o m m u n i t y  a s s i s t  i n  
d e t e r m i n i n g  e c o s y s t e m  h e a l t h .  
B e n t h i c  m a c r o - i n v e r t e b r a t e  s u r v e y s  a r e  p a r t  o f  e n v i r o n m e n t a l  m o n i t o r i n g  s u r v e y s  
o f  I F M P ,  I m p l e m e n t a t i o n  o f  F i s h e r i e s  M a n a g e m e n t  P l a n  o f  L a k e  V i c t o r i a .  T w o  
s u r v e y s  w e r e  c o n d u c t e d  a t  8  a n d  1 3  s i t e s  i n  t h e  i n s h o r e  a r e a s  o f  z o n e s  I  a n d  I I I  
d u r i n g  F e b r u a r y  a n d  M a r c h  2 0 0 6 ,  r e s p e c t i v e l y .  
I n  t h e  s u r v e y s ,  t h e  s t r u c t u r e  o f  b e n t h i c  m a c r o - i n v e r t e b r a t e s  i n  t e r m s  o f  
d i s t r i b u t i o n ,  a b u n d a n c e  a n d  t a x a  c o m p o s i t i o n  i s  a s s e s s e d ,  t h e  i n f o r m a t i o n  o f  
w h i c h  c o n s o l i d a t e s  t h e  o u t c o m e s  f r o m  g i l l n e t  s u r v e y s  i n  s h a l l o w  n o n - t r a w l a b l e  
a r e a s  o f  t h e  l a k e .  T h e  s u r v e y s  a r e  m e a n t  t o  i d e n t i f y  c r i t i c a l  a n d  s p e c i f i c  a r e a s  o f  
c o n c e r n  f o r  m a n a g e m e n t  i n t e r v e n t i o n s  u n d e r  i m p l e m e n t a t i o n  o f  F i s h e r i e s  
M a n a g e m e n t  P l a n  ( I F M P ) .  
T h i s  r e p o r t  t h e r e f o r e  p r o v i d e s  i n f o r m a t i o n  o n  t h e  s t a t u s  o f  t h e  d i s t r i b u t i o n ,  
a b u n d a n c e  a n d  t a x a  c o m p o s i t i o n  o f  b e n t h i c - m a c r o  i n v e r t e b r a t e s  i n  t h e  i n s h o r e  
a r e a s  o f  z o n e s  I  a n d  I I I  o f  t h e  l a k e  d u r i n g  F e b r u a r y  a n d  M a r c h  2 0 0 6 ,  
r e s p e c t i v e l y .  
3 4  
Objective of the study 
The objective of the survey was to examine composition, distribution and 
abundance patterns of macro-benthic invertebrate in order to determine 
ecosystem health relation to fishery needs. 
Materials and methods 
Samples were taken at 8 sites in zone I during February 2006 (Fig.1) and 13 
sites in zone III during March 2006 (Fig.2). The depth range of the sampling 
points varied from 0.40 m at River Sio-Iake interface to 10.60 m at Nkombe 
offshore in zone III. The depth range in zone I varied from 2.00 m at Kagera 
River mouth to 16.3 m at KUluntwa offshore. Three hauls of the sediment were 
taken by a ponar grab sampler of 236.45 cm2 at each sampling point and 
combined to make a composite sample. 
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Fig. 1. Map showing sampled inshore stations in shallow areas of zone I of Lake 
Victoria, Uganda 
35 
W  
< ; \ . _ _  •  
v  
N  
1 "
(  
"\."'~:k~
(~. 4 ' : '
, .
\ ,  " " " ' "  
j "
""~~'
)  
(~. 
,,,'~ j " !
, , ; , " ,  . - , '  
,
; ' , '  . ,  .~ 
6 .  
N
• .  .~. ' , "  - ' , ' ,  , _  i "  <  
#  S a T p o o  s l a i l T l S  
t , - ; ; ,
I  
' , '  '  
r " ' ' ' ' i  z a - e  1 l 1 - U i o : e  V J r 1 m a ( l J ; J r d : J )
J . a ( e V i d a i a  - y  .~,) 
~ 
. . . .  
, \ " f \  r - '  
(  - . . ! } , )  ~j'-'?
,  
: )  ~~? 
, \  .  / " : ­
, _ ' ; . . . / V  ' - : : '  
- "  ' v ' ­
I  / 1 ; '
, - - ' - ,  ,
.  V~?
' . > '  
r ' "
T " " " ' "  
i " \ '
1 , -
',-~ 
- c  
q f "
. - .  :  
; , . , . ­
~:..... t ' ' ' ' ' "  G ,  
' . - _ , '  " l  ~'b 
V ·  ~ 
C  
~ 
c  
,
G  ' - '  
' J  6  
, i  
2 0  0  2 0  4 )  1 G 1 c m ! ! t £ r S  
F i g . 2 .  M a p  s h o w i n g  l o c a t i o n s  o f  s a m p l e d  i n s h o r e  s i t e s  i n  z o n e  I I I  o f  L a k e  V i c t o r i a ,  
U g a n d a  
R e s u l t s  
O v e r a l l  t a x a  c o m p o s i t i o n  b y  p e r c e n t  a b u n d a n c e  ( d e n s i t y )  a n d 
  
d i s t r i b u t i o n 
  
I n  z o n e  I ,  C h i r o n o m i d a e  w a s  m o s t  d o m i n a n t  t a x a  w h i l e  i n  z o n e  I I I ,  P e l y c i p o d a  
w a s  t h e  m o s t  d o m i n a n t  o n e ,  c o n t r i b u t i n g  r e s p e c t i v e l y ,  5 2 %  a n d  3 6 %  o f  t h e  
o v e r a l l  b e n t h o s  d e n s i t y  ( F i g  3 ) .  T h e  p e r c e n t  c o n t r i b u t i o n  o f  C h i r o n o m i d a e  i n  
z o n e  I I I  w a s  1 2  %  w h e r e a s  P e l y c i p o d a  c o n s t i t u t e d  3 7  %  o f  b e n t h o s  d e n s i t y  i n  
z o n e  I .  G a s t r o p o d s  c o n t r i b u t e d  m o r e  t o  b e n t h o s  d e n s i t y  i n  z o n e  I I I  t h a n  i n  z o n e  I  
i , e .  3 2  %  i n  z o n e  I I I  a n d  5  %  i n  z o n e  I .  S i m i l a r l y ,  c h a o b o r i d s  c o n t r i b u t e d  a  g r e a t e r  
p e r c e n t a g e  o f  b e n t h o s  i n  Z o n e  I I I  ( 1 5 % )  t h a n  i n  z o n e  1  ( 1 % ) .  E p h e m e r o p t e r a n s  
c o n s t i t u t e d  5 %  i n  z o n e  I  a n d  6 %  i n  z o n e  I I I .  O v e r a l l  t o t a l  d e n s i t y  w a s  h i g h e r  i n  
z o n e  I  t h a n  i n  Z o n e  I I I .  
3 6  
looe \ ",eraldensty= 10094 ird m' 
Zore. ,,,,,,,all densly= 11652 ird m'1% 
3 Pelycipoda 
• Gastropoda 
• Eplolle.oplera 
III Oln:raridae5Z% 
oO1a:Jb:Jridae 
5% 32% 
Fig.3. Overall taxa composition of macro-benthic invertebrates' community in the inshore 
areas of zones I and III of Lake Victoria. Uganda during February and March 2006. 
respectively. 
In Zone I. the total benthic macro-invertebrate density was lowest (42 ind m'z) at 
Kagera River mouth and highest (8501 ind m'z) at Kakyanga inshore site (Fig. 4). 
In zone III though, the total benthic macro-invertebrate density range was smaller 
i.e. lowest (296 ind m'z) at Nduwa offshore and highest (1776 ind m'z) at River 
Sio mouth site. 
Pelycipods were dominant at 5 of the 8 sites sampled in zone I at Kagera river 
mouth, Kyabasimba inshore and offshore and Dimo inshore and Dimo offshore 
sites (Fig. 4). The gastropods were dominant at Kuluntwa inshore and offshore 
sites, and chironomids at Kakyanga inshore site. Ephemeropterans occurred at 5 
out of 8 sampled sites in zone I while they were present at only one site out of 
the 13 sampled in zone III. 
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Composition of bivalves by numerical abundance 
Of the 6717 ind m-z density of bivalves in zone I, Sphaerium sp. was the most 
dominant, contributing 52% (Fig. 5). It comprised 25 % of the overall bivalve 
density (4039 ind m-z) in zone III. The most dominant bivalve in this zone was 
CorbicuJar sp, comprising 64 % of the overall density. This bivalve contributed 27 
% in zone I. The genus Byssonodanta made 17 % and 9 % and that of CaeJatura 
contributed 3% and 2 % in zones I and III, respectively. The genus Mutera was 
encountered at 1% of the overall density in zone I. 
The bivalves were not encountered at Nduwa offshore and Kafunda Bay in zone 
III (Fig.5). The genus CorbicuJar had the widest distribution in the surveyed sites. 
Although Sphaerium sp. was the most dominant in zone I, it occurred 
predominately at a high density (3313 ind m-z) at one site, Kyabansimba inshore. 
It had therefore limited distribution in the zone. It was exclusively encountered at 
River Sio-Lake interface in zone III at a density of 444 ind m-z and contributed to 
bivalval density at Bulosi inshore. 
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S a l l ' l J l i n g  s i t e s  
F i g . 5 .  O v e r a l l  p e r c e n t  c o m p o s i t i o n  o f  c o m b i n e d  d e n s i t y  a n d  d i s t r i b u t i o n  o f  
b i v a l v e s  i n  z o n e s  I  a n d  I I I  d u r i n g  F e b r u a r y  a n d  M a r c h  2 0 0 6 ,  r e s p e c t i v e l y .  
C o m p o s i t i o n  o f  g a s t r o p o d s  b y  n u m e r i c a l  a b u n d a n c e  
I n  z o n e  I ,  t w o  g e n e r a  o f  g a s t r o p d s :  M e J a n o i d e s  a n d  B e l / a m y a  w e r e  e n c o u n t e r e d  
a t  o v e r a l l  d e n s i t y  o f  9 3 0  i n d  m -
2
,  e a c h  c o n t r i b u t i n g  5 2  %  a n d  4 8  % ,  r e s p e c t i v e l y  
( F i g . 6 ) .  I n  z o n e  I I I ,  t h r e e  g e n e r a :  M e J a n o i d e s ,  B e l l a m y a  a n d  B u J i n u s  w e r e  
4 0  
encountered at overall density of 3736 ind m-2 and each of these contributed 49 
%, 50 % and 1 % . respectively. 
Both Melanoides and Bel/amya occurred commonly in the surveyed areas except 
at Kagera River mounth in zone I and at Musubi inshore and Sio-River-Lake 
interface in zone III where no gastropods were found (Fig.6). The bilharzia­
vector snails, Bulinus and Biomphalaria were each encountered at one site in 
zone III i.e. at Wakawaka and Nkobe inshore. respectively. 
Zone I, overall gastropd density= 930 ind m2 Zone In, overall gastropcl density= 3736 hd m 2 
• Bellamya sp. 
mMelanoides sp 
48% • Biomphalan"a sp. 50%52% 49% 
o BUlinus sp. 
1000 D Bellamya sp. C Melanoides sp. • BiomphaJaria sp. 0 BuUnus sp. 
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F i g . 6 . 0 v e r a l l  p e r c e n t  c o m p o s i t i o n  o f  c o m b i n e d  d e n s i t y  a n d  d i s t r i b u t i o n  o f  
g a s t r o p d s  i n  s a m p l e d  s i t e s  i n  z o n e s  I  a n d  I I I  d u r i n g  F e b r u a r y  a n d  M a r c h  2 0 0 6 ,  
r e s p e c t i v e l y .  
C o m p o s i t i o n  o f  d i p t e r a n  l a r v a e  b y  n u m e r i c a l  a b u n d a n c e  a n d  d i s t r i b u t i o n  
I n  z o n e  I ,  C h i r o n o m u s  s p .  w a s  t h e  m o s t  d o m i n a n t  t a x a  ( 9 0  % )  o f  t h e  o v e r a l l  
d i p t e r a n  d e n s i t y  o f  9 6 7 2  i n d  m ' z  w h i l e  i n  z o n e  I I I ,  C h a o b o r u s  s p  w a s  t h e  m o s t  
d o m i n a n t  o n e  ( 5 6  % )  o f  t h e  o v e r a l l  d e n s i t y  o f  3 2 0 0  i n d  m ' z  ( F i g  7 ) ,  T h e  f o r m e r  
m a d e  6  %  i n  z o n e  I I I  w h i l e  t h e  l a t t e r  m a d e  2  %  i n  z o n e  I .  T h e  g e n u s  
C l i n o t a n y p u s  c o n t r i b u t e d  8  %  a n d  2 0  %  i n  z o n e s  I  a n d  I I I ,  r e s p e c t i v e l y .  T h e  
g e n u s  T a n y t a r s u s  o c c u r r e d  o n l y  i n  z o n e  I I I  a n d  c o n t r i b u t e d  1 1  %  o f  t h e  d e n s i t y  
w h i l e  t h a t  o f  A b b l e b e s m y i a  w a s  e n c o u n t e r e d  a t  6  %  ( 1 5 5  i n d  m ' z  a t  N k o b e  
i n s h o r e )  a n d  l e s s  t h a n  1  %  i n  z o n e s  I  a n d  I I I ,  r e s p e c t i v e l y .  T h e  g e n u s  T a n y p u s  
w a s  a l s o  f o u n d  o n l y  i n  z o n e  I I I  a t  M u s u b i  i n s h o r e  a n d  c o n t r i b u t e d  m e r e l y  2  %  o f  
t o t a l  d e n s i t y .  
A l t h o u g h  C h i r o n o m u s  s p  w a s  t h e  p r e d o m i n a n t  g e n u s  i n  z o n e  I ,  i t  h a d  a n  
e x c e p t i o n a l  h i g h  d e n s i t y  ( 8 0 6 3  i n d  m ' z )  a t  o n e  o f  t h e  s i t e s ,  K a k y a n g a  i n s h o r e  ( F i g  
7 ) .  I t  w a s  f o u n d  a l b e i t  a t  l o w  d e n s i t i e s  a t  t w o  m o r e  s i t e s ,  K y a b a s i m b a  i n s h o r e  
( 1 1 2  i n d  m ' z )  a n d  K y a b a s i m b a  o f f s h o r e  ( 2 5 4  i n d  m ' z ) .  N o  d i p t e r a n  l a r v a e  w e r e  
e n c o u n t e r e d  a t  K a g e r a  R i v e r  m o u t h  i n  z o n e  I ,  S i o  r i v e r - l a k e  i n t e r f a c e ,  N d u w a  
o f f s h o r e  a n d  B u l o s i  i n s h o r e  i n  z o n e  I I I .  
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• • 
Zone 1. c1ensity==9572 ind.m2	 ZonelR, denSrty=3Z00 ro.m" 
6% 
51 ChirOnomJ!I spp. 
o Cinotanypus sp. 
QTanypus	 sp. 
55% ---\S8&iffi'1m Tarnytarsus sp . 
• CryptochirooorT1.ls sp. 
til Chaoborus sp. 
• Ablabesrryia sp mChlronolT1Js sPP. 
9(JOO 
o C1inotanypus sp. [J Tanypus 5p. 
9(JOO 
III Tarnytarsus sp. • Oyptochironorrus 5p. 
7000 
o O1aoborus sp. 
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Fig. 7. Percent composition of combined density and distribution of dipteran larvae in 
sampled sites in zones I and III during February and March surveys, respectively. 
Occurrence and distribution of other benthic macro-invertebrates 
Conchostraca were found at only one site, Kagera river mouth in zone I at a 
density of 21 ind m,2 , and at two sites, Buyengo inshore and Nkombe offshore in 
2zone III at densities of 42 ind m,2 and 423 ind m- respectively (Fig. B). The< 
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a q u a t i c  w o r m s ,  o l i g o c h e a t e s  w e r e  f o u n d  a t  i n s h o r e  s i t e s  n a m e l y ,  K u l u n l w a ,  D i m o  
a n d  K a k y a n g a  i n  z o n e  I  a n d  i n  K a f u n d a  B a y  i n  z o n e  I I I .  T h e  l e e c h e s ,  H i r u d i n e a  
2
w e r e  o n l y  f o u n d  a t  B u y e n g o  i n s h o r e ,  a  s i t e  i n  z o n e  I I I  a t  a  d e n s i t y  o f  4 2  i n d  m - .  
T h e  f r e s h  w a t e r  p r a w n ,  C a r i d i n a  n i l o t i c a  w a s  n o t  e n c o u n t e r e d  i n  z o n e  I  b u t  i t  w a s  
2
f o u n d  i n  z o n e  I I I  a t  t h r e e  s i t e s ,  M u s u b i  i n s h o r e  a t  a  d e n s i t y  o f  2 8  i n d  m - ,  S i o ­
2
R i v e r - L a k e  i n t e r f a c e  4 2  i n d  m -
2  
a n d  N d u w a  i n s h o r e  1 4  i n d  m - .  S i m i l a r l y ,  s e e d  
s h r i m p s ,  o s t r a c o d s  w e r e  n o t  e n c o u n t e r e d  i n  z o n e  I  b u t  w e r e  f o u n d  i n  z o n e  I I I  a t  
t h e  s a m e  s i t e s  w h e r e  C .  n i l o t i c a  o c c u r r e d .  
•  C a r i d i n a  n i l o t i c a  m  O s t r a c o d a  E 3  C o n c h o s t r a c a  g  H i r u d i n e a  •  O l i g o c h a e t e s  
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S a r T l J l e d  s i t e s  
F i g .  8 .  T h e  o c c u r r e n c e  a n d  d i s t r i b u t i o n  o f  o t h e r  b e n t h i c  m a c r o - i n v e r t e b r a t e  t a x a  
a t  s a m p l e d  s i t e s  i n  z o n e s  I  a n d  I I I ,  L a k e  V i c t o r i a  
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Discussion 
Relatively, total benthic invertebrate density was higher (18094 indi m-2) in zone I 
than in zone III (11652 indi m-2). This potentially indicates that zone I is richer in 
terms of secondary production than zone III. Thus. fishery production could be 
more abound in zone I than zone III. A large number of chironomids, bivalves, 
and gastropods were recovered in the benthos at several sites, however, 
representatives from Ephemeroptera, Odonata, Oligocheata, Hirudinea, 
Conchostraca, Ostracoda and Caridina nilotica were rarely collected. 
Oligocheates were only found at three inshore sites in zone III. Their persistent 
presence in those areas over time is associated with poor water quality status. 
Poor water quality conditions constrain fishery production. 
In a recent study (Sekiranda 2004), the deteriorating water environment 
particularly around inshore areas adjacent to urban centers requires special 
consideration, as indications of negative impacts on invertebrate communities 
are already apparent. 
Conclusions 
Benthic macro-invertebrate community in both zones is mainly composed of 
mollusca (bivalves and gastropods) and Dipteran larvae. In general, Melanoides 
sp. Corbicular sp. Chaoborus sp and Chironomus sp constitute the most widely 
distributed taxa. Thus such taxa, which exhibit wide distribution and high 
abundance, are important in the lake's ecology, as they are readily available as 
food especially for demersal fish species and larval and juvenile stages of most 
fish species in the lake. 
Recommendations 
Benthic macro-invertebrate surveys in shallow non-trawlable areas of the lake 
should be continued so as to understand the factors that affect their abundance 
and distribution in relation to ecosystem health for fishery needs. Raise 
awareness at the local Beach Management units of the factors such as bush 
burning and improper disposal human wastes that cause poor water quality 
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e s p e c i a l l y  i n  n e a r s h o r e  a r e a s  b e c a u s e  t h e s e  e m a n a t e  f r o m  t h e  c o m m u n i t i e s  
t h e m s e l v e s .  
R e f e r e n c e s  
S e k i r a n d a ,  S . B . K .  2 0 0 4 .  W a t e r  q u a l i t y  t r e n d s .  b e n t h i c  i n v e r t e b r a t e s  a n d  f i s h  
c o m m u n i t y  s t r u c t u r e  i n  t h r e e  s h a l l o w  b a y s  i n  L a k e  V i c t o r i a  w i t h  v a r y i n g  
c a t c h m e n t  l a n d  u s e s .  P h . D .  t h e s i s ,  M a k e r e r e  U n i v e r s i t y ,  K a m p a l a .  2 2 0  p p .  
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Section V: Caridina Studies 
Status of Caridina nilotica: Its distribution and abundance and its role in 
sustaining the Nile perch fishery in Lake Victoria 
By: Fred M. Wanda, Egulance Ganda & Susan Babirye 
Background 
Caridina nilotica. a fresh water shrimp in Lake Victoria, forms an important food 
base for the Nile Perch fishery. Nile perch mainly feeds on this resource during 
its juvenile stages. Its behavioral characteristics are such that it is benthic during 
day time but at night. it swims freely in the water column. This strategy probably 
enables it evade predation especially by Nile perch during day time while at the 
same time following its food items, the zooplankton that exhibit diurnal 
migrations. Big populations of this shrimp have also been recovered among 
macrophyte beds particularly in water hyacinths. At the outer macrophyte fringes. 
there has also been found high abundances of juvenile fishes particularly Nile 
perch and the haplochromines. probably utilizing the rich food base of 
zooplankton and the shrimps. Understanding the biology and ecology of this 
shrimp is therefore critical to sustainable management of the Lake Victoria 
fisheries especially that of Nile perch. It is therefore important to generate 
information on the amount of C. nilotica that can sustain the current stocks of Nile 
perch. This study also aims at establishing the standing crop of C. ni/otica. and 
the capacity for this shrimp to sustain the Nile perch fishery. The expected 
outputs from this study include: 
1.	 Information on spatial and temporal variations in distribution and 
abundance of C. ni/otica; 
2.	 Information on the contribution of C. nilotica to the diet of Nile perch; and 
3.	 The relationship between C. nilotica biomass/abundance and distribution 
to Nile perch abundance. 
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I t  i s  e x p e c t e d  t h a t  t h i s  i n f o r m a t i o n  w i l l  g u i d e  t h e  p o l i c y  f o r m i n g  p r o c e s s  o n 
  
s u s t a i n a b l e  m a n a g e m e n t  a n d  e x p l o i t a t i o n  o f  t h e  N i l e  p e r c h  f i s h e r y  o f  L a k e 
  
V i c t o r i a . 
  
F i e l d  s u r v e y s  a n d  s a m p l i n g 
  
F i e l d  s u r v e y s  t o  c o l l e c t  d a t a  o n  a b u n d a n c e  a n d  d i s t r i b u t i o n  o f  C .  n i l o t i c a  w e r e 
  
u n d e r t a k e n  o n  a  m o t o r i z e d  c a n o e  i n  s h a l l o w  (~ 1 5  m  d e p t h )  i n s h o r e  a r e a s  o f 
  
Z o n e  3  ( B e r k e l e y ,  M a c D o n a l d  a n d  T h r u s t o n  b a y s ) ,  a n d  Z o n e  1  ( K a s e n s e r o , 
  
L a m b u  a n d  S o n g a  b a y s )  o f  L a k e  V i c t o r i a .  I n  t h e  d e e p e r  o f f s h o r e  a r e a s  h o w e v e r , 
  
s u r v e y s  w e r e  d o n e  u s i n g  t h e  r e s e a r c h  v e s s e l ,  M V  I B I S . 
  
C a r i d i n a .  n i l o t i c a ,  s a m p l e s  w e r e  c o l l e c t e d  f r o m  t w o  h a b i t a t  t y p e s  n a m e l y  i n  t h e 
  
s u r f a c e  s e d i m e n t s  a n d  u n d e r  m a c r o p h y t e  b e d s .  T h e  d i f f e r e n c e s  i n  h a b i t a t  t y p e 
  
d i c t a t e d  t h e  t y p e  o f  s a m p l e r  e . g .  a  p o n a r  g r a b  a n d  t h e  c a r i d i n a  n e t  w e r e  u s e d  f o r 
  
s a m p l i n g  s u r f a c e  s e d i m e n t s ,  w h i l e  a  s w e e p  n e t  f o r  m a c r o p h y t e  b e d s . 
  
T o  s a m p l e  u n d e r  m a c r o p h y t e s ,  a  c i r c u l a r  f a b r i c a t e d  m e t a l  o f  d i a m e t e r  2 5 m , 
  
a t t a c h e d  t o  a  c i r c u l a r  m e s h  s i z e  o f  2 m m ,  w a s  p a s s e d  u n d e r  t h e  s h o r e l i n e 
  
v e g e t a t i o n  f o r  5  m i n u t e s .  T h e  c o l l e c t e d  s a m p l e  w a s  c o n c e n t r a t e d  u s i n g  a  s i e v e 
  
a n d  p u t  i n t o  a  v i a l  t o  w h i c h  1 0 %  f o r m a l i n  w a s  a d d e d  a s  a  p r e s e r v a t i v e . 
  
I n  t h e  s e d i m e n t s ,  t h e  p o n a r  g r a b  w i t h  a  m o u t h  a r e a  o f  0 . 0 2 4 5  c m
2  
w a s  l o w e r e d 
  
t o  t h e  b o t t o m  o f  t h e  l a k e  r e t r i e v e d  a f t e r  i s  a  t r i g g e r  i s  r e l e a s e d  i n  o r d e r  t h a t 
  
s e d i m e n t s  a r e  c o l l e c t e d .  T h e  c o l l e c t e d  s e d i m e n t  w a s  w a s h e d  i n  a  s i e v e  ( m e s h 
  
s i z e  o f  5 0 0  I l m ) ,  w i t h  l a k e  w a t e r  p o u r e d  o n  t h e  w a s h  b a g  f r o m  o u t s i d e .  T h e 
  
c o n c e n t r a t e d  s a m p l e s  w e r e  p r e s e r v e d  i n  f o r m a l i n  i n  p l a s t i c  b o t t l e s  a s  d e s c r i b e d 
  
a b o v e ,  a n d  t a k e n  t o  t h e  l a b o r a t o r y  f o r  a n a l y s i s . 
  
C a r i d i n a  s a m p l e s  f r o m  s u r f a c e  s e d i m e n t s  w e r e  a l s o  c o l l e c t e d  a  c a r i d i n a  n e t .  T h i s 
  
i s  a  l o c a l l y  f a b r i c a t e d  s a m p l e r  m a d e  o f  a  m e t a l l i c  s q u a r e  f r a m e  ( 0 . 5 m  x  0 . 5 m ) .  A 
  
c o n i c a l l y  s h a p e d  n e t  o f  1 m m  m e s h  s i z e  w a s  a t t a c h e d  t o  t h e  m e t a l  f r a m e .  A t  t h e 
  
b o t t o m  o f  t h e  n e t  w a s  a t t a c h e d  a  0 . 5 L  p l a s t i c  b o t t l e  w h o s e  s i d e  w a s  c u t  a n d 
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sealed with a 1mm net to allow water to flow out while retaining the organisms. 
Samples were filtered through the sieve and preserved as described above. 
Laboratory sample processing 
In the laboratory, samples were rinsed with tap water to wash off the 
preservative. The washed samples were emptied on a white porcelain tray for 
sorting, counting and determining total lengths (length from the eye to end of tail). 
Analyses done were length frequency, counting of mature eggs (eggs with oval 
shape and exposed under the swimming appendages), assessment of immature 
eggs (eggs still attached to the gonad and covered by the carapace) which could 
not easily be counted, and determination of biomass (as ash free dry weight). For 
biomass determination, a known number of fresh caridina were weighed using a 
digital balance and dried in an oven at 55°C. Dry weight was then determined 
after 2 hours of cooling to room temperature. These were then fired in a furnace 
at 550°C for 2 hr, allowed to cool to room temperature and then weighed to 
determine the ash weight. The loss in weight i.e. loss on ignition (LOI) which is 
the difference between the dry weight and the ash weight, is the actual biomass 
(Ash free Dry Weight) of the organisms. The mean weight is the weight of an 
individual caridina. Data was then stored and partially analyze using 
spreadsheets (MS Excel). 
Results 
Biomass 
Mean biomass of individual organisms was significantly higher at offshore than 
inshore sites for MacDonald and Thruston bays, while no C. nilotica were 
encountered at offshore sites in Berkeley bay (Figure 3.1). 
The total biomass, determined as ash free dry weight (AFDWt) per unit area was 
significantly higher in Macdonald bay for both inshore and offshore sites 
compared to Berkeley and Thruston bays (Figure 3.2). 
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F i g u r e  3 . 2 .  M e a n  b i o m a s s  ( A F D W t  m ·
2
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2
)  o f  C  n i l o t i c a  w a s  s i g n i f i c a n t l y  h i g h e r  i n  M a c D o n a l d  t h a n  
o t h e r  b a y s ,  i r r e s p e c t i v e  o f  w h e t h e r  t h e  s i t e  w a s  i n s h o r e  o r  o f f s h o r e  ( F i g u r e  3 . 3 ) .  
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Figure 3.3. Abundance of C. nilotica at inshore and offshore sites 
Highest concentrations of these organisms were however, encountered in 
maprophyte beds especially water hyacinth than in sediments at offshore sites. 
Greater variability in abundance was also noted especially in offshore sites of 
MacDonald Bay. 
Biometrics and fecundity of Caridina nilotica 
The range in total length (TL) of gravid females of C. nilotica was between 15.0 
and 19.2 mm. In MacDonald Bay where a majority of C. nilotica was encountered 
were in the TL range of 16.9 to 18.8 mm. In Berkeley and Thruston bays 
however, a majority of gravid females were relatively smaller and were in the 
length range between 15.0 and 15.9 mm. This finding corresponded with the 
abundance of females with eggs i.e. highest abundance with eggs were found in 
MacDonald Bay where a mean of 5,888 m-2 were encountered using a caridina 
net. 
The mean number of eggs per female C. nilotica was highest and not 
significantly different among the offshore sites of MacDonald and Thruston bays 
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a n d  t h e  i n s h o r e  s i t e s  o f  M a c D o n a l d  B a y .  I n s h o r e  s i t e s  o f  b o t h  B e r k e l e y  a n d  
T h r u s t o n  b a y s  h a d  t h e  l o w e s t  n u m b e r  o f  e g g s  p e r  f e m a l e  a n d  w e r e  n o t  
s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r  ( F i g u r e  3 . 4 ) .  C o n s i d e r a t i o n  o f  d a t a  f r o m  
i n d i v i d u a l  C .  n i l o t i c a  s h o w e d  t h a t  t h e  m o s t  f e c u n d  f e m a l e s  w e r e  e n c o u n t e r e d  i n  
i n s h o r e  a r e a s  a m o n g  m a c r o p h y t e  b e d s  i n  M a c D o n a l d  B a y  w i t h  u p  t o  1 7 4  e g g s  
f o r  s o m e  f e m a l e s .  
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F i g u r e  3 . 4 .  F e c u n d i t y  o f  C  n i l o t i c a  f r o m  d i f f e r e n t  s i t e s  
T h e  l e n g t h  f r e q u e n c y  o f  C .  n i l o t i c a  i s  g i v e n  i n  F i g u r e  3 . 5 .  I t  w a s  n o t e d  t h a t  a  
m a j o r i t y  o f  t h e  o r g a n i s m s  w e r e  l e s s  t h a n  1 5  m m  T L  h e n c e  i n d i c a t i n g  a  s k e w e d  
d i s t r i b u t i o n  w i t h  y o u n g  o n e s  «  1 5  m m )  d o m i n a t i n g  t h e  p o p u l a t i o n .  T h e  s i z e  c l a s s  
w i t h  t h e  h i g h e s t  p o p u l a t i o n  w a s  t h a t  i n  t h e  r a n g e  1 6  t o  1 8  m m ,  w i t h  a  p e a k  
f r e q u e n c y  a t  1 7 m m  T L .  D a t a  o n  f e c u n d i t y  i n d i c a t e d  t h a t  f e c u n d  f e m a l e s  w e r e  
m a i n l y  i n  t h e  s i z e  r a n g e  o f  1 5 . 0  a n d  1 9 . 2  m m ;  t h i s  l i k e l y  i m p l i e s  t h a t  t h e  l e n g t h  
f o r  d e t e r m i n a t i o n  o f  m a t u r e  C .  n i l o t i c a  e s p e c i a l l y  f e m a l e s  i s  a n y t h i n g  l e s s  t h a n  
1 5 m m .  
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Figure 3.5. Length frequency distribution of C. nilo/iea from various sites in 
Zone 3 
Discussion 
The distribution of Caridina nilo/iea was more heterogeneous in inshore than 
offshore areas. The heterogeneous nature of inshore habitats was attributed in 
part to presence of innumerable micro-habitats resulting from presence of 
macrophytes, high variabilities in physicochemical characteristics, high primary 
productivity and hence secondary production to which C. nilotiea is part. Habitat 
variability coupled with a fairly rich nutrient base in the inshore areas influences 
primary and secondary production and could partly account for the high numbers 
of mature female C. nilo/ica in inshore compared to offshore areas. 
The significantly lower biomass of C. nilotiea at inshore compared to offshore 
zones was partly attributed to the low water levels that left formerly suitable sites 
exposed. Bays that were worst hit by reduced water levels included Berkeley and 
Thruston where water had receded to more than 300m from the original high 
53 
w a t e r  m a r k .  T h i s  h a d  l e f t  b a r e  d r y  s e d i m e n t s  t h a t  l e a v i n g  n o  c o n t i n u u m  b e t w e e n  
t h e  a q u a t i c  m a c r o p h y t e  f r i n g e  a n d  t h e  h i g h  w a t e r  m a r k .  G i v e n  t h a t  m a c r o p h y t e  
b e d s  f o r m e d  i d e a l  g r o u n d s  f o r  C .  n i l o t i c a ,  a b s e n c e  o f  t h e s e  b e d s  d u e  t o  r e c e d e d  
w a t e r  i m p l i e d  l o s s  o f  s u i t a b l e  h a b i t a t  f o r  C .  n i l o t i c a .  A l t h o u g h  M a c D o n a l d  B a y  
w a s  a l s o  v i c t i m  t o  r e c e d e d  w a t e r  l e v e l s ,  t h e  f a i r l y  s h a r p  d r o p  i n  d e p t h  f r o m  t h e  
s h o r e  t o  t h e  o p e n  w a t e r  i m p l i e d  l e s s  l o s s  o f  e s s e n t i a l  h a b i t a t s  f o r  C .  n i l o t i c a .  
A d d i t i o n a l l y ,  M a c D o n a l d  B a y  h a d  a  w e l l  e s t a b l i s h e d  s h a l l o w  f l o o d e d  m a c r o p h y t e  
b e d  w h e r e  C .  n i l o t i c a  f o u n d  i t  i d e a l  t o  i n h a b i t .  
T h e  b i o m a s s  o f  C .  n i l o t i c a  a l s o  c o r r e l a t e d  w e l l  w i t h  t h e i r  a b u n d a n c e ,  i m p l y i n g  
t h a t  t h e  h i g h e r  t h e  p o p u l a t i o n s ,  t h e  h i g h e r  t h e  b i o m a s s .  G i a n t  C .  n i l o t i c a  w e r e  
f o u n d  m a i n l y  i n  T h r u s t o n  B a y  p r o b a b l y  d u e  t o  t h e  o b s e r v e d  l o w  f i s h i n g  p r e s s u r e .  
T h i s  o b s e r v a t i o n  w a s  p r o b a b l y  d u e  t o  t h e  r e p o r t e d  v e r y  p o o r  f i s h  c a t c h e s  i n  
T h r u s t o n  B a y ,  a  f a c t o r  a t t r i b u t e d  t o  l o w  f i s h  p o p u l a t i o n s  i n  t h i s  b a y .  T h i s  i m p l i e d  
t h a t  p r e d a t i o n  e s p e c i a l l y  b y  N i l e  p e r c h  o n  C .  n i l o t i c a  w a s  m i n i m a l  i n  T h r u s t o n  
t h a n  o t h e r  b a y s ,  h e n c e  l e a v i n g  a m p l e  t i m e  f o r  C .  n i l o t i c a  t o  g r o w  t o  m a t u r i t y .  
D u e  t o  e x p o s u r e  o f  i n s h o r e  z o n e s  a s  a  r e s u l t  o f  r e d u c e d  w a t e r  l e v e l s ,  i t  i s  
e x p e c t e d  t h a t  i n s h o r e  a r e a s  o f  s e v e r e l y  a f f e c t e d  b a y s  s u c h  a s  B e r k e l e y  a n d  
T h r u s t o n  w o u l d  n o t  s u p p o r t  b r e e d i n g  p o p u l a t i o n s  o f  C .  n i l o t i c a .  A s  a  r e S U l t ,  
f e c u n d i t y  w a s  l o w  g i v e n  t h e  l o s s  o f  h a b i t a t  i n  s u c h  b a y s .  I n  M a c D o n a l d  B a y  a n d  
t o  s o m e  e x t e n t  a t  o f f s h o r e  s i t e s  o f  T h r u s t o n  B a y  w h e r e  l o w  w a t e r  l e v e l s  d i d  n o t  
s o  m u c h  a f f e c t  t h e  h a b i t a t s '  a b i l i t y  t o  s u p p o r t  b r e e d i n g  p o p u l a t i o n s  o f  C .  n i l o t i c a ,  
f e c u n d i t y  w a s  s i g n i f i c a n t l y  h i g h .  H a b i t a t  v a r i a b i l i t y  d i d  n o t  i n f l u e n c e  t h e  s i z e  
c a t e g o r y  a t  w h i c h  t h e s e  o r g a n i s m s  b e c a m e  m a t u r e  t o  s t a r t  p r o d u c i n g  e g g s  s i n c e  
a t  a l l  s i t e s ,  b o t h  i n s h o r e  a n d  o f f s h o r e ,  C .  n i l o t i c a  w i t h  e g g s  w e r e  e n c o u n t e r e d .  
D e s p i t e  t h e  l o w  n u m b e r s  o f  m a t u r e  f e m a l e s  i n  t h e  p o p u l a t i o n ,  t h e  r e l a t i v e l y  h i g h  
f e c u n d i t y  i s  l i k e l y  t o  c o m p e n s a t e  f o r  t h i s  s h o r t a g e  h e n c e  i s  l i k e l y  t o  s u p p o r t  t h e  
N i l e  p e r c h  p o p u l a t i o n s .  
R e c r u i t m e n t  o f  i s  a s s u m e d  t o  s u s t a i n  p o p u l a t i o n s  o f  a s  n o t e d  f r o m  t h e  s k e w e d  
g r a p h  f o r  t h e  l e n g t h - f r e q u e n c y  d i s t r i b u t i o n .  T h i s  i s  a d d i t i o n a l  e v i d e n c e  t h a t  t h e  
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population of C. nilotiea is likely adequate to support the Nile perch fishery. Any 
size group less than 15mm TL is considered immature since no eggs were 
encountered. Thus, breeding females were only those with TL of more 2: 15mm 
TL. Unfortunately, the Dagaa fishers tend to catch big-sized C. nilotiea as by­
catch which, although no studies have been done on them, are likely breeding 
adults and their loss from the population might negatively affect recruitment 
hence the food base of Nile perch. 
Conclusions 
1.	 MacDonald Bay was found to be the most productive in relation to C. 
nilotiea compared to Berkeley and Thruston bays. This implied that both 
abundance and hence biomass were higher in MacDonald Bay. 
2.	 Female C. nilotiea starts breeding at 15mm TL hence any size < 15 mm 
TL especially for females is regarded as immature. 
3.	 Recruitment among C. nilotiea is high and leads to a skewed population 
with a majority being young. 
4.	 The highest fecundity of Caridina nilo/iea encountered was 174 eggs per 
female and is likely to sustain the Nile perch food base. This high 
fecundity compensates for the few gravid females in the population. 
Recommendations 
1.	 More data need to be collected in order to create a database with time 
series data upon which sound scientific interpretation can be made. 
2.	 Habitat loss e.g. through destruction of fringing aquatic macrophytes 
should be avoided since macrophyte beds are important habitats for C. 
nilotiea.. 
3.	 Efforts be made to ensure that C. nilo/iea is not harvested for whatever 
purpose. Even unintended harvest as by-catch of Dagaa should be 
avoided. 
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